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PRODUCTION OF A TRANSGENIC AVIAN 
BY CYTOPLASMIC INJECTION 



rROSS REFERENCE TO RELATED A PPLICATIONS 
[0001] The application is a continuation-in-part and claims the benefit of U.S. 

Application No. 10/251,364, filed September 18, 2002, which claims the benefit of U.S. 
Provisional Application No. 60/322,969, filed September 18, 2001, and U.S. Provisional 
Application No. 60/351,550, filed January 25, 2002, all of which are incorporated by 
reference herein in their entireties. 
1. FIELD OF TWF INVENTION 

[0002] The present invention relates to methods of producing a transgenic avian by 

introducing a nucleic acid encoding a heterologous protein into an avian embryo preferably 
by cytoplasmic injection, but also by other methods of introducing nucleic acids into 
embryonic cells, including but not limited to, nuclear transfer, retroviral vector infection, 
and fertilization with sperm containing the nucleic acid. The present invention further 
relates to a transgenic avian expressing a heterologous polypeptide, which, preferably, is 
deposited into the white of the avian egg. The invention further provides vectors containing 
coding sequences for heterologous proteins, the expression of which is under the control of 
a promoter and other regulatory elements that cause expression of the heterologous protein 
and preferably, lead to deposition of the protein in the avian egg. Also included in the 
invention are avian eggs derived from the transgenic avians and the heterologous proteins 
isolated therefrom. 
2. BACKGROUND 

[0003] ~~ The field of transgenics was initially developed to understand the action of a 
single gene in the context of the whole animal and the phenomena of gene activation, 
expression, and interaction. This technology has also been used to produce models for 
various diseases in humans and other animals and is amongst the most powerful tools 
available for the study of genetics, and the understanding of genetic mechanisms and 
function. From an economic perspective, the use of transgenic technology for the 
production of specific proteins or other substances of pharmaceutical interest (Gordon et al, 
1987, Biotechnology 5: 1183-1187; Wilmut et al, 1990, Theriogenology 33: 113-123) 
offers significant advantages over more conventional methods of protein production by 
gene expression. 

[0004] Heterologous nucleic acids have been engineered so that an expressed 

protein may be joined to a protein or peptide that will allow secretion of the transgenic ^ 
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expression product into milk or urine, from which the protein may then be recovered. 
These procedures have had limited success and may require lactating animals, with the 
attendant costs of maintaining individual animals or herds of large species, including cows, 
sheep, or goats. 

[0005] The hen oviduct offers outstanding potential as a protein bioreactor because 

of the high levels of protein production, the promise of proper folding and post-translation 
modification of the target protein, the ease of product recovery, and the shorter 
developmental period of chickens compared to other potential animal species. The 
production of an avian egg begins with formation of a large yolk in the ovary of the hen. 
The unfertilized oocyte or ovum is positioned on top of the yolk sac. After ovulation, the 
ovum passes into the infundibulum of the oviduct where it is fertilized, if sperm are present, 
and then moves into the magnum of the oviduct, lined with tubular gland cells. These cells 
secrete the egg-white proteins, including ovalbumin, lysozyme, ovomucoid, conalbumin 
and ovomucin, into the lumen of the magnum where they are deposited onto the avian 

embryo and yolk. 

2.1 Microinjection 
[0006] Historically, transgenic animals have been produced almost exclusively by 

microinjection of the fertilized egg. Mammalian pronuclei from fertilized eggs are 
microinjected in vitro with foreign, i.e., xenogeneic or allogeneic, heterologous DNA or 
hybrid DNA molecules. The microinjected fertilized eggs are then transferred to the genital 
tract of a pseudopregnant female (e.g., Krimpenfort et al., in U.S. Pat. No. 5,175,384).. 
However, the production of a transgenic avian using microinjection techniques is more 
difficult than the production of a transgenic mammal. In avians, the opaque yolk is 
positioned such that visualization of the pronucleus, or nucleus of a single-cell embryo, is 
impaired thus preventing efficient injection of the these structures with heterologous DNA. 
What is therefore needed is an efficient method of introducing a heterologous nucleic acid 
into a recipient avian embryonic cell. 

[0007] Cytoplasmic DNA injection has previously been described for introduction 

of DNA directly into the germinal disk of a chick embryo by Sang and Perry, 1989, Mol. 
Reprod. Dev. 1: 98-106, Love et al, 1994, Biotechnology 12: 60-3, and Naito et al, 1994, 
Mol. Reprod. Dev. 37:167-171; incorporated herein by reference in their entireties. Sang 
and Perry described only episomal replication of the injected cloned DNA, while Love et al. 
suggested that the injected DNA becomes integrated into the cell's genome and Naito et al. 
showed no direct evidence of integration. In all these cases, the germinal disk was not 
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visualized during microinjection, i.e., the DNA was injected "blind" into the germinal disk. 
Such prior efforts resulted in poor and unstable transgene integration. None of these 
methods were reported to result in expression of the transgene in eggs and the level of 
mosaicism in the one transgenic chicken reported to be obtained was one copy per 10 
genome equivalents. 

2.2 Retroviral Vectors 
[0008] Other techniques have been used in efforts to create transgenic chickens 

expressing heterologous proteins in the oviduct. Previously, this has been attempted by 
microinjection of replication defective retroviral vectors near the blastoderm (PCT 
Publication WO 97/47739, entitled Vectors and Methods for Tissue Specific Synthesis of 
Protein in Eggs of Transgenic Hens, by MacArthur). Bosselman et al. in U.S. Patent No. 
5,162,215 also describes a method for introducing a replication-defective retroviral vector 
into a pluripotent stem cell of an unincubated chick embryo, and further describes chimeric 
chickens whose cells express a heterologous vector nucleic acid sequence. However, the 
percentage of Gi transgenic offspring (progeny from vector-positive male Go birds) was low 
and varied between 1% and approximately 8%. Such retroviral vectors have other 
significant limitations, for example, only relatively small fragments of nucleic acid can be 
inserted into the vectors precluding, in most instances, the use of large portions of the 
regulatory regions and/or introns of a genomic locus which, as described herein, can be 
useful in obtaining significant levels of heterologous protein expression. Additionally, 
retroviral vectors are generally not appropriate for generating transgenics for the production 
of pharmaceuticals due to safety and regulatory issues. 

2.3 Transfection of Male Germ Cells, Followed by Transfer to Recipient 
Testis 

[0009] Other methods include in vitro stable transfection of male germ cells, 

followed by transfer to a recipient testis. PCT Publication WO 87/05325 discloses a 
method of transferring organic and/or inorganic material into sperm or egg cells by using 
liposomes. Bachiller et al. (1991, Mol. Reprod. Develop. 30: 194-200) used Lipofectin- 
based liposomes to transfer DNA into mice sperm, and provided evidence that the liposome 
transfected DNA was overwhelmingly contained within the sperm's nucleus although no 
transgenic mice could be produced by this technique. Nakanishi & Iritani (1993, Mol. 
Reprod. Develop. 36: 258-261) used Lipofectin-based liposomes to associate heterologous 
DNA with chicken sperm, which were in turn used to artificially inseminate hens. There 
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was no evidence of genomic integration of the heterologous DNA either in the DNA- 
liposome treated sperm or in the resultant chicks. 

[0010] Several methods exist for transferring DNA into sperm cells. For example, 

heterologous DNA may also be transferred into sperm cells by electroporation that creates 
temporary, short-lived pores in the cell membrane of living cells by exposing them to a 
sequence of brief electrical pulses of high field strength. The pores allow cells to take up 
heterologous material such as DNA, while only slightly compromising cell viability. Gagne 
et al. (1991, Mo/. Reprod. Dev. 29: 6-15) disclosed the use of electroporation to introduce 
heterologous DNA into bovine sperm subsequently used to fertilize ova. However, there 
was no evidence of integration of the electroporated DNA either in the sperm nucleus or in 
the nucleus of the egg subsequent to fertilization by the sperm. 
[001 1] Another method for transferring DNA into sperm cells was initially 

developed for integrating heterologous DNA into yeasts and slime molds, and later adapted 
to sperm, is restriction enzyme mediated integration (REMI) (Shemesh et al, PCT 
International Publication WO 99/42569). REMI utilizes a linear DNA derived from a 
plasmid DNA by cutting that plasmid with a restriction enzyme that generates single- 
stranded cohesive ends. The linear, cohesive-ended DNA together with the restriction 
enzyme used to produce the cohesive ends is then introduced into the target cells by 
electroporation or liposome transfection. The restriction enzyme is then thought to cut the 
genomic DNA at sites that enable the heterologous DNA to integrate via its matching 
cohesive ends (Schiestl and Petes, 1991, Proc. Natl. Acad. Sci. USA 88: 7585-7589). 
[0012] It is advantageous, before the implantation of the transgenic germ cells into a 

testis of a recipient male, to depopulate the testis of untransfected male germ cells. 
Depopulation of the testis has commoniy been by exposing the whole animal to gamma 
irradiation by localized irradiation of the testis. Gamma radiation-induced spermatogonial 
degeneration is probably related to the process of apoptosis. (Hasegawa et a/.,1998, Radiat. 
Res. 149:263-70). Alternatively, a composition containing an alkylating agent such as 
busulfan (MYLERAN™) can be used, as disclosed in Jiang F.X., 1998, Anat. Embryol. 
198(1):53-61; Russell and Brinster, 1996, J. Androl. 17(6):615-27; Boujrad et al, 
Andrologia 27(4), 223-28 (1995); Linder et al, 1992, Reprod. Toxicol. 6(6):491-505; 
Kasuga and Takahashi, 1986, Endocrinol. Jpn 33(1):105-15. These methods likewise have 
not resulted in efficient transgenesis or heterologous protein production in avian eggs. 
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2.4 Nuclear Transfer 
[0013] Nuclear transfer from cultured cell populations provides an alternative 

method of genetic modification, whereby donor cells may be sexed, optionally genetically 
modified, and then selected in culture before their use. The resultant transgenic animal 
originates from a single transgenic nucleus and mosaics are avoided. The genetic 
modification is easily transmitted to the offspring. Nuclear transfer from cultured somatic 
cells also provides a route for directed genetic manipulation of animal species, including the 
addition or "knock-in" of genes, and the removal or inactivation or "knock-out" of genes or 
their associated control sequences (Polejaeva et al, 2000, Theriogenology, 53: 1 17-26). 
Gene targeting techniques also promise the generation of transgenic animals in which 
specific genes coding for endogenous proteins have been replaced by exogenous genes such 
as those coding for human proteins. 

[0014] The nuclei of donor cells are transferred to oocytes or zygotes and, once 

activated, result in a reconstructed embryo. After enucleation and introduction of donor 
genetic material, the reconstructed embryo is cultured to the morula or blastocyte stage, and 
transferred to a recipient animal, either in vitro or in vivo (Eyestone and Campbell 1999, J 
Reprod Fertil Suppl 54:489-97). Double nuclear transfer has also been reported in which 
an activated, previously transferred nucleus is removed from the host unfertilized egg and 
transferred again into an enucleated fertilized embryo. 

[0015] The embryos are then transplanted into surrogate mothers and develop to 

term. In some mammalian species (mice, cattle and sheep) the reconstructed embryos can 
be grown in culture to the blastocyst stage before transfer to a recipient female. The total 
number of offspring produced from a single embryo, however, is limited by the number of 
available blastomeres (embryos at the 32-64 cell stage are the most widely used) and the 
efficiency of the nuclear transfer procedure. Cultured cells can also be frozen and stored 
indefinitely for future use. 

[0016] Two types of recipient cells are commonly used in nuclear transfer 

procedures: oocytes arrested at the metaphase of the second meiotic division (Mil) and 
which have a metaphase plate with the chromosomes arranged on the meiotic spindle, and 
pronuclear zygotes. Enucleated two-cell stage blastomeres of mice have also been used as 
recipients. In agricultural mammals, however, development does not always occur when 
pronuclear zygotes are used, and, therefore, Mil-arrested oocytes are the preferred recipient 
cells. 
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[0017] Although gene targeting techniques combined with nuclear transfer hold 

tremendous promise for nutritional and medical applications, current approaches suffer 
from several limitations, including long generation times between the founder animal and 
production transgenic herds, and extensive husbandry and veterinary costs. It is therefore 
desirable to use a system where cultured somatic cells for nuclear transfer are more 
efficiently employed. 

[001 8] What is needed, therefore, is an efficient method of generating transgenic 

avians that express a heterologous protein encoded by a transgene, particularly in the 
oviduct for deposition into egg whites. 
3. SUMMARY OF THE INVENTION 

[001 9] This invention provides methods for the stable introduction of heterologous 

coding sequences into the genome of a bird and expressing those heterologous coding 
sequences to produce desired proteins. Synthetic vectors and gene promoters useful in the 
methods are also provided by the present invention, as are transgenic birds that express a 
heterologous protein and avian eggs containing a heterologous protein. In a preferred 
embodiment, the vectors useful in methods of the invention are not eukaryotic viral, more 
preferably not retroviral, vectors (although the vectors may contain transcriptional 
regulatory elements, such as promoters, from eukaryotic viruses). In other embodiments, 
however, the vectors are eukaryotic viral vectors or are retroviral vectors. In certain 
embodiments, a bacterial artificial chromosome (BAC) vector is preferred. 
[0020] One aspect of the present invention is a method of producing a transgenic 

avian capable of expressing a heterologous protein. The method comprises isolating an 
early stage embryo from a fertilized hen, and microinjecting into the isolated embryo a 
selected nucleic acid that encodes the desired heterologous protein. The microinjected 
avian embryo is transferred to the oviduct of a recipient hen for in vivo development and to 
be laid as a shelled egg (or, alternatively, cultured ex vivo). The shelled egg is incubated to 
hatch a transgenic chick that has incorporated, preferably, integrated into its genome, the 
selected nucleic acid. 

[0021] The present invention provides methods for introducing a transgene into the 

cytoplasm of avian embryonic cells by cytoplasmic microinjection. The cells may be 
embryonic cells as, for example, from a single cell embryo visualized through overlying 
yolk or tissue by using, for example, light microscopy, or a camera system such as a CCD 
camera with a microscopic lens (e.g., as disclosed in PCT International Publication WO 
02/064727 by Christmann, which is incorporated by reference herein in its entirety). 
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Microelectroporation can optionally be used to enhance the uptake of exogenous DNA into 
the cell nucleus and improving the efficiency of DNA integration. The cytoplasmically 
microinjected embryo is then, preferably, returned to a female bird to be laid as a hard-shell 
egg or, as an alternative, cultured ex vivo. After hatching from the hard-shelled egg, a 
transgenic chick is produced that expresses a heterologous protein and/or that can be bred to 
generate a line of transgenic birds expressing a heterologous protein. 
[0022] In alternative embodiments, the nucleic acid is introduced by infection or 

injection of the nucleic acid contained within a retroviral vector, sperm-mediated 
transgenesis, or nuclear transfer. 

[0023] In one embodiment, the present invention provides methods for producing 

heterologous proteins in avians. Transgenes are introduced by, most preferably, 
cytoplasmic microinjection into one embryonic cell, preferably the germinal disk of an 
early stage embryo, that then develop into a transgenic bird. The protein of interest may be 
expressed in the tubular gland cells of the magnum of the oviduct, secreted into the lumen, 
or deposited within the egg white onto the egg yolk or expressed, for example, in the serum 
of the bird. Such transgenic birds can also be bred to identify birds that carry the transgene 
in their germ line. The exogenous genes can therefore be transmitted to birds by both 
cytoplasmic microinjection of the exogenous gene into bird embryonic cells, and by 
subsequent stable transmission of the exogenous gene to the bird's offspring in a Mendelian 
fashion. 

[0024] The present invention provides for a method of producing a heterologous 

protein in an avian oviduct. The method comprises, as a first step, providing a vector 
containing a coding sequence and a promoter that functions in avians, preferably in the 
avian magnum, operably linked to the coding sequence, so that the promoter can effect 
expression of the nucleic acid in the tubular gland cells of the magnum of an avian oviduct 
and/or in any other desired tissue of the avian. In a preferred embodiment, the vector 
containing the transgene is not a eukaryotic viral vector (preferably, not a retroviral vector, 
such as but not limited to reticuloendotheliosis virus (REV), ALV or MuLV) or derived 
from a eukaryotic virus (but, in certain embodiments, may contain promoter and/or other 
gene expression regulatory sequences from a eukaryotic virus, such as, but not limited to, a 
Rous sarcoma virus viral promoter or a cytomegalovirus promoter). Next, the vector is 
introduced into avian embryonic cells by cytoplasmic microinjection so that the vector 
sequence may be randomly inserted into the avian genome. Finally, a mature transgenic 
avian that expresses the exogenous protein in its oviduct is derived from the transgenic 
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embryonic cells or by breeding a transgenic avian derived from the transgenic embryonic 
cells. 

[0025] In particular embodiments, the level of mosaicism of the transgene 

(percentage of cells containing the transgene) in avians hatched from microinjected 
embryos (i.e., the G 0 s) is greater than 5%, 10%, 25%, 50%, 75% or 90%, or is the 
equivalent of one copy per one genome, two genomes, five genomes, seven genomes or 
eight genomes, as determined by any number of techniques known in the art and described 
infra. In additional particular embodiments, the percentage of G 0 s that transmit the 
transgene to progeny (G t s) is greater than 5%, preferably, greater than 10%, 20%, 30%, 
40%, and, most preferably, greater than 50%. In other embodiments, the efficiency of 
transgenesis (i.e., number of G 0 s containing the transgene) is greater than 2%, 5%, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80% or 99%. 

[0026] This method can also be used to produce an avian egg containing an 

exogenous protein when the exogenous protein, that is expressed for example, in the tubular 
gland cells or fibroblast cells, is also secreted into the oviduct lumen and deposited, e.g., 
into the white of an egg. In other embodiments of the invention, the exogenous protein is 
expressed in the liver, or secreted into the blood, and deposited into the yolk. In preferred 
embodiments, the level of expression of the heterologous protein in the egg white of eggs 
laid by G 0 and/or Gi chicks and/or their progeny is greater than 5 ng, 10 ng, 50 ng, 100 ng, 
250 ng, 500 ng, 750 ng, 1 fig, 5 fig, 10 fig, 50 ng, 100 /xg, 250 fig, 500 ng, or 750 fig, more 
preferably greater than 1 mg, 2 mg, 5 mg, 10 mg, 20 mg, 50 mg, 100 mg, 200 mg, 500 mg, 
700 mg, 1 gram, 2 grams, 3 grams, 4 grams or 5 grams. 

[0027] The present invention further provides promoters useful for expression of the 

heterologous protein in the egg. For example, the promoter comprises regions of at least 
two promoters derived from an avian including, but not limited to, an ovomucoid, 
ovalbumin, conalbumin, lysozyme, or ovotransferrin, or any other promoter that directs 
expression of a gene in an avian, particularly in a specific tissue of interest, such as the 
magnum. Alternatively, the promoter used in the expression vector may be derived from 
that of the lysozyme gene that is expressed in both the oviduct and macrophages. In other 
embodiments the promoter is a viral or non-avian promoter, e.g., cytomegalovirus or Rous 
sarcoma virus promoter. In certain embodiments, the promoter is constitutive in avian cells. 
In other embodiments, the promoter is inducible. In particular embodiments, the gene 
regulatory sequences are flanked by matrix attachment regions (MARs), preferably, but not 
limited to those associated with the lysozyme gene in chickens or other avians. The nucleic 
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acid encoding the polypeptide may be operably linked to a transcription promoter and/or a 
transcription terminator. In other embodiments, prior to microinjection, the vector is mixed 
with a nuclear localization signal peptide to facilitate targeting of the injected vector to the 
nucleus. 

[0028] Other embodiments of the invention provide for transgenic avians, such as 

chickens or quail, carrying a transgene in the genetic material of their germ-line tissue, 
preferably where the transgene was not introduced into the avian genome using a eukaryotic 
viral promoter. The transgene incorporated into the genomic DNA of a recipient bird can 
encode at least one polypeptide that may be, for example, but is not limited to, a cytokine, a 
growth factor, enzyme, structural protein, immunoglobulin, or any other polypeptide of 
interest that is capable of being expressed by an avian cell or tissue. Preferably, the 
heterologous protein is a mammalian, or preferably a human, protein or derived from a 
mammalian, or preferably a human, protein (e.g., a derivative or variant thereof). In 
particular embodiments, the invention provides heterologous proteins isolated or purified 
from an avian tissue, preferably serum, more preferably eggs, most preferably egg whites, 
and pharmaceutical compositions comprising such heterologous proteins. In a more 
preferred embodiment, the heterologous protein is an antibody that is human (including 
antibodies produced from human immunoglobulin sequences in mice or in antibody 
libraries or synthetically produced but having variable domain framework regions that are 
the same as or homologous to human framework regions) or humanized. 
[0029] The present invention further relates to nucleic acid vectors (preferably, not 

derived from eukaryotic viruses, except, in certain embodiments, for eukaryotic viral 
promoters and/ or enhancers) and transgenes inserted therein that incorporate multiple 
poiypeptide-encoding regions, wherein a first polypeptide-encoding region is operatively 
linked to a transcription promoter and a second polypeptide-encoding region is operatively 
linked to an Internal Ribosome Entry Sequence (IRES). For example, the vector may 
contain coding sequences for two different heterologous proteins (e.g., the heavy and light 
chains of an immunoglobulin) or the coding sequences for all or a significant part of the 
genomic sequence for the gene from which the promoter driving expression of the 
transgene is derived, and the heterologous protein desired to be expressed (e.g., a construct 
containing the genomic coding sequences, including introns, of the avian lysozyme gene 
when the avian lysozyme promoter is used to drive expression of the transgene, an IRES, 
and the coding sequence for the heterologous protein desired to be expressed downstream 
(i.e., 3' on the RNA transcript of the IRES)). Thus, in certain embodiments, the nucleic 
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acid encoding the heterologous protein is introduced into the 5' untranslated or 3' 
untranslated regions of an endogenous gene, such as but not limited to, lysozyme, 
ovalbumin, ovotransferrin, and ovomucoid, with an IRES sequence directing translation of 
the heterologous sequence. In a specific embodiment, an IRES-cDNA cassette encoding a 
heterologous polypeptide is inserted into the 3' UTR region of the ovomucoid region of 
OMC24, a BAC clone containing full-length ovoinhibitor and ovomucoid genes (e.g. at 
residue an EcoRI site at position 49,146 of SEQ ID NO:42). 

[0030] Such nucleic acid constructs, when inserted into the genome of a bird and 

expressed therein, will generate individual polypeptides that may be post-translationally 
modified, for example, glycosylated or, in certain embodiments, be present as complexes, 
such as heterodimers with each other in the white of the avian egg. Alternatively, the 
expressed polypeptides may be isolated from an avian egg and combined in vitro, or 
expressed in a non-reproductive tissue such as serum. In other embodiments, for example, 
but not limited to, when expression of both heavy and light chains of an antibody is desired, 
two separate constructs, each containing a coding sequence for one of the heterologous 
proteins operably linked to a promoter (either the same or different promoters), are 
introduced by microinjection into cytoplasm of one or more embryonic cells and transgenic 
avians harboring both transgenes in their genomes and expressing both heterologous 
proteins are identified. Alternatively, two transgenic avians each containing one of the two 
heterologous proteins (e.g., one transgenic avian having a transgene encoding the light 
chain of an antibody and a second transgenic avian having a transgene encoding the heavy 
chain of the antibody) can be bred to obtain an avian containing both transgenes in its 
germline and expressing both transgene encoded proteins, preferably in eggs. 
[0031] In other embodiments, the present invention further provides methods for the 

introduction to an avian genome of at least one transgene encoding at least one heterologous 
polypeptide including sperm-mediated transfer where nucleic acids are incorporated into 
avian sperm by liposomes, electroporation, restriction enzyme mediated integration 
(REMI), or similar methods. The modified sperm may then be returned to the testis of a 
male bird which then may be mated with a female to generate transgenic offspring, or the 
modified sperm may be used directly to fertilize the female bird by artificial insemination to 
generate transgenic offspring. 

[0032] The present invention further provides methods for incorporating a transgene 

into the nucleus of an avian cell cultured in vitro including by transfection, cytoplasmic 
microinjection or pronuclear microinjection. The transgenic cell nucleus may then be 
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transferred to a fertilized enucleated cell. The enucleated cell may be an embryonic cell of 
a bird egg visualized through overlying yolk or tissue by using two photon laser scanning 
microscopy. 

[0033] For convenience, certain terms employed in the specification, examples, and 

appended claims are collected here. 
3.1 Definitions 

[0034] The term "avian" as used herein is intended to refer to any species, 

subspecies or race of organism of the taxonomic class ava, such as, but not limited to, such 
organisms as chicken, turkey, duck, goose, quail, pheasants, parrots, finches, hawks, crows 
and ratites including ostrich, emu and cassowary. The term includes the various known 
strains oiGallus gallus, or chickens, (for example, White Leghorn, Brown Leghorn, 
Barred-Rock, Sussex, New Hampshire, Rhode Island, Ausstralorp, Minorca, Amrox, 
California Gray, Italian Partidge-colored), as well as strains of turkeys, pheasants, quails, 
duck, ostriches and other poultry commonly bred. 

[0035] The term "embryonic cells" as used herein refers to cells that are typically 

single cell embryos, or the equivalent thereof, and is meant to encompass dividing embryos, 
such as two-cell, four-cell, or even later stages as described by Eyal-Giladi and Kochav 
(1976, Dev. Biol. 49:321-337) and ova 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, or 20 hours 
after the preceding lay. The embryonic cells may be isolated freshly, maintained in culture, 
or reside within an embryo. Although the present invention is generally described in terms 
of microinjection of a single-cell embryo, it should be recognized that other cells from an 
early stage embryo are suitable for cytoplasmic injection in the methods of the present 
injection. For example, cells obtained from a stage later than a stage I embryo, up to and 
including a stage X embryo, i.e., stages H-X, may be useful in the present invention. Chick 
developmental stages are described in the following reference, Eyal-Giladi and Kochav, 
1976, Dev. Biol. 49(2):321-37, which is hereby incorporated by reference in its entirety. 
[0036] The term "nucleic acid" as used herein refers to any natural and synthetic 

linear and sequential arrays of nucleotides and nucleosides, for example cDNA, genomic 
DNA, mRNA, tRNA, oligonucleotides, oligonucleosides and derivatives thereof. 
Representative examples of the nucleic acids of the present invention include bacterial 
plasmid vectors including expression, cloning, cosmid and transformation vectors such as, 
but not limited to, pBR322, animal viral vectors such as, but not limited to, modified 
adenovirus, influenza virus, polio virus, pox virus, retrovirus, and the like, vectors derived 
from bacteriophage nucleic acid, e.g., plasmids and cosmids, artificial chromosomes, such 
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as but not limited to, Yeast Artificial Chromosomes (YACs) and Bacterial Artificial 
Chromosomes (BACs), and synthetic oligonucleotides like chemically synthesized DNA or 
RNA. The term "nucleic acid" further includes modified or derivatised nucleotides and 
nucleosides such as, but not limited to, halogenated nucleotides such as, but not only, 5- 
bromouracil, and derivatised nucleotides such as biotin-labeled nucleotides. 
[0037] As used herein the terms "polypeptide" and "protein" refer to a polymer of 

amino acids of three or more amino acids in a serial array, linked through peptide bonds. 
The term "polypeptide" includes proteins, protein fragments, protein analogues, 
oligopeptides and the like. The term "polypeptides" contemplates polypeptides as defined 
above that are encoded by nucleic acids, produced through recombinant technology, 
isolated from an appropriate source such as a bird, or are synthesized. The term 
"polypeptides" further contemplates polypeptides as defined above that include chemically 
modified amino acids or amino acids covalently or noncovalently linked to labeling ligands. 
[0038] The term "fragment" as used herein to refers to an at least 10, 20, 50, 75, 

100, 150, 200, 250, 300, 500, 1000, 2000 or 5000 nucleotide long portion of a nucleic acid 
(e.g., cDNA) that has been constructed artificially (e.g., by chemical synthesis) or by 
cleaving a natural product into multiple pieces, using restriction endonucleases or 
mechanical shearing, or enzymatically, for example, by PCR or any other polymerizing 
technique known in the art, or expressed in a host cell by recombinant nucleic acid 
technology known to one of skill in the art. The term "fragment" as used herein may also 
refer to an at least 5, 10, 20, 30, 40, 50, 75, 100, 150, 200, 250, 300, 400, 500, 1000, 2000, 
or 5000 amino acid portion of a polypeptide, which portion is cleaved from a naturally 
occurring polypeptide by proteolytic cleavage by at least one protease, or is a portion of the 
naturally occurring polypeptide synthesized by chemical methods or using recombinant 
DNA technology (e.g., expressed from a portion of the nucleotide sequence encoding the 
naturally occurring polypeptide) known to one of skill in the art. 

[0039] The term "isolated nucleic acid" as used herein refers to a nucleic acid that 

has been removed from other components of the cell containing the nucleic acid or from 
other components of chemical/synthetic reaction used to generate the nucleic acid. In 
specific embodiments, the nucleic acid is 50%, 60%, 70%, 80%, 90%, 95%, 99% or 100% 
pure. The techniques used to isolate and characterize the nucleic acids and proteins of the 
present invention are well known to those of skill in the art and standard molecular biology 
and biochemical manuals may be consulted to select suitable protocols without undue 
experimentation. See, for example, Sambrook et al, 2001, Molecular Cloning: A 
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Laboratory Manual, 3rd ed., Cold Spring Harbor Press; the content of which is herein 
incorporated by reference in its entirety. 

[0040] By the use of the term "enriched" in reference to nucleic acid it is meant that 

the specific DNA or RNA sequence constitutes a significantly higher fraction of the total 
DNA or RNA present in the cells or solution of interest than in normal or diseased cells or 
in the cells from which the sequence was taken. Enriched does not imply that there are no 
other DNA or RNA sequences present, just that the relative amount of the sequence of 
interest has been significantly increased, for example, by 1 fold, 2 fold, 5 fold, 10 fold, 50 
fold, 100 fold, 500 fold, 1000 fold, 10,000 fold, 100,000 fold, or 1,000,000 fold. The other 
DNA may, for example, be derived from a yeast or bacterial genome, or a cloning vector, 
such as a plasmid or a viral vector. 

[0041 ] The terms "transcription regulatory sequences" and "gene expression control 

regions" as used herein refer to nucleotide sequences that are associated with a gene nucleic 
acid sequence and which regulate the transcriptional expression of the gene. Exemplary 
transcription regulatory sequences include enhancer elements, hormone response elements, 
steroid response elements, negative regulatory elements, and the like. The "transcription 
regulatory sequences" may be isolated and incorporated into a vector nucleic acid to enable 
regulated transcription in appropriate cells of portions of the vector DNA. The 
"transcription regulatory sequence" may precede, but is not limited to, the region of a 
nucleic acid sequence that is in the region 5' of the end of a protein coding sequence that 
may be transcribed into mRNA. Transcriptional regulatory sequences may also be located 
within a protein coding region, in regions of a gene that are identified as "intron" regions, or 
may be in regions of nucleic acid sequence that are in the region of nucleic acid. 
[0042] The term "promoter' as used herein refers to the DNA sequence that 

determines the site of transcription initiation by an RNA polymerase. A "promoter- 
proximal element" may be a regulatory sequence within about 200 base pairs of the 
transcription start site. A "magnum-specific" promoter, as used herein, is a promoter that is 
primarily or exclusively active in the tubular gland cells of the avian magnum. Useful 
promoters also include exogenously inducible promoters. These are promoters that can be 
"turned on" in response to an exogenously supplied agent or stimulus, which is generally 
not an endogenous metabolite or cytokine. Examples include an antibiotic-inducible 
promoter, such as a tetracycline-inducible promoter, a heat-inducible promoter, a light- 
inducible promoter, or a laser inducible promoter, (e.g., Halloran et al, 2000, Development 
127: 1953-1960; Gemer et al, 2000, Int. J. Hyperthermia 16: 171-81; Rang and Will, 2000, 
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Nucleic Acids Res. 28: 1 120-5; Hagihara et aL, 1999, Cell Transplant 8: 4314; Huang et 
aL 9 1999, Mol. Med. 5: 129-37; Forster et al., 1999, Nucleic Acids Res. 27: 708-10; Liu et 
aL, 1998, Biotechniques 24: 624-8, 630-2; the contents of which have been incorporated 
herein by reference in their entireties). 

[0043] To facilitate manipulation and handling of the nucleic acid to be 

administered, the nucleic acid is preferably inserted into a cassette where it is operably 
linked to a promoter. The promoter should be capable of driving expression in the desired 
cells. The selection of appropriate promoters can be readily accomplished. For some 
applications, a high expression promoter is preferred such as the cytomegalovirus (CMV) 
promoter. Other promoters useful in the present invention include the Rous Sarcoma Virus 
(RSV) promoter (Davis et al. 9 1993, Hum. Gene Therap. 4:151). In other embodiments, all 
or a portion of the, for example, lysozyme, ovomucoid, ovalbumin, albumin, conalbumin or 
ovotransferrin promoters, which direct expression of proteins present in egg white, are used, 
as detailed infra, or synthetic promoters such as the MDOT promoter described infra. 
[0044] The terms "operably" or "operatively linked" refer to the configuration of 

the coding and control sequences so as to perform the desired function. Thus, control 
sequences operably linked to a coding sequence are capable of effecting the expression of 
the coding sequence and regulating in which tissues, at what developmental timepoints, or 
in response to which signals, etc., a gene is expressed. A coding sequence is operably 
linked to or under the control of transcriptional regulatory regions in a cell when DNA 
polymerase will bind the promoter sequence and transcribe the coding sequence into mRNA 
that can be translated into the encoded protein. The control sequences need not be 
contiguous with the coding sequence, so long as they function to direct the expression 
thereof. Thus, for example, intervening untranslated yet transcribed sequences, can be 
present between a promoter sequence and the coding sequence and the promoter sequence 
can still be considered "operably linked" to the coding sequence. Such intervening 
sequences include but are not limited to enhancer sequences which are not transcribed or 
are not bound by polymerase. 

[0045] The term "expressed" or "expression" as used herein refers to the 

transcription from a gene to give an RNA nucleic acid molecule complementary at least in 
part to a region of one of the two nucleic acid strands of the gene. The term "expressed" or 
"expression" as used herein also refers to the translation from said RNA nucleic acid 
molecule to give a protein or polypeptide or a portion thereof. 
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[0046] The term "matrix attachment region" or "MAR" as used herein refers to a 

DNA sequence having an affinity or intrinsic binding ability for the nuclear scaffold or 
matrix. The MAR elements of the chicken lysozyme locus are described by Phi- Van et al, 
1996, E.M.B.O. J. 76:665-664 and Phi-Van, L. and Stratling, W.H., 1996, Biochem. 
35:10735-10742; incorporated herein by reference in their entireties. 
[0047] The term "probe" as used herein, when referring to a nucleic acid, refers to a 

nucleotide sequence that can be used to hybridize with and thereby identify the presence of 
a complementary sequence, or a complementary sequence differing from the probe 
sequence but not to a degree that prevents hybridization under the hybridization stringency 
conditions used. The probe may be modified with labels such as, but not only, radioactive 
groups, biotin, and the like. 

[0048] The term "nucleic acid vector" as used herein refers to a natural or synthetic 

single or double stranded plasmid or viral nucleic acid molecule, or any other nucleic acid 
molecule, such as but not limited to YACs, BACs, bacteriophage-derived artificial 
chromosome (BBPAC), cosmid or PI derived artificial chromosome (PAC), that can be 
transfected or transformed into cells and replicate independently of, or within, the host cell 
genome. A circular double stranded vector can be linearized by treatment with an 
appropriate restriction enzyme based on the nucleotide sequence of the vector. A nucleic 
acid can be inserted into a vector by cutting the vector with restriction enzymes and ligating 
the pieces together. The nucleic acid molecule can be RNA or DNA. 
[0049] The term "expression vector" as used herein refers to a nucleic acid vector 

that comprises regulatory sequences operably linked to a nucleotide sequence coding at 
least one polypeptide. As used herein, the term "regulatory sequences" includes promoters, 
enhancers, and other elements that may control gene expression. 

[0050] The term "recombinant cell" refers to a cell that has a new combination of 

nucleic acid segments that are not covalently linked to each other in nature in that particular 
configuration. A new configuration of nucleic acid segments can be introduced into an 
organism using a wide array of nucleic acid manipulation techniques available to those 
skilled in the art. A recombinant cell can be a single eukaryotic cell, such as a mammalian 
cell, or a single prokaryotic cell. The recombinant cell may harbor a vector that is 
extragenomic. An extragenomic nucleic acid vector does not insert into the cell's genome. 
A recombinant cell may further harbor a vector or a portion thereof (e.g., the portion 
containing the regulatory sequences and the coding sequence) that is intragenomic. The 
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term intragenomic defines a nucleic acid construct incorporated within the recombinant 
cell's genome. 

[0051] The terms "recombinant nucleic acid" and "recombinant DNA" as used 

herein refer a combination of at least two nucleic acids that is not naturally found in a 
eukaryotic or prokaryotic cell in that particular configuration. The nucleic acids may 
include, but are not limited to, nucleic acid vectors, gene expression regulatory elements, 
origins of replication, suitable gene sequences that when expressed confer antibiotic 
resistance, protein-encoding sequences and the like. The term "recombinant polypeptide" is 
meant to include a polypeptide produced by recombinant DNA techniques such that it is 
distinct from a naturally occurring polypeptide either in its location, purity or structure. 
Generally, such a recombinant polypeptide will be present in a cell in an amount different 
from that normally observed in nature. 

[0052] As used herein, the term "transgene" means a nucleic acid sequence 

(encoding, for example, a human interferon polypeptide) that is partly or entirely 
heterologous, i.e. 9 foreign, to the transgenic animal or cell into which it is introduced, or, is 
homologous to an endogenous gene of the transgenic animal or cell into which it is 
introduced, but which is designed to be inserted, or is inserted, into the animal's genome in 
such a way as to alter the genome of the cell into which it is inserted (e.g., it is inserted at a 
location that differs from that of the natural gene or its insertion results in a knockout). A 
trangene also includes a regulatory sequence designed to be inserted into the genome such 
that it regulates the expression of an endogenous coding sequence, e.g., to increase 
expression and or to change the timing and or tissue specificity of expression, etc. (e.g., to 
effect "gene activation"). 

[0053] As used herein, a "transgenic avian" is any avian species, including the 

chicken, in which one or more of the cells of the avian may contain heterologous nucleic 
acid introduced by way of human intervention, such as by transgenic techniques known in 
the art, and particularly, as described herein. The nucleic acid is introduced into a cell, 
directly or indirectly by introduction into a precursor of the cell, by way of deliberate 
genetic manipulation, such as by microinjection or by infection with a recombinant virus. 
The term genetic manipulation does not include classical cross-breeding, or in vitro 
fertilization (although it does include fertilization with sperm into which a transgene has 
been introduced), but rather is directed to the introduction of a recombinant DNA molecule. 
This molecule may be integrated within a chromosome, or it may be extrachromosomally 
replicating DNA. In the typical transgenic avian, the transgene causes cells to express a 
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recombinant form of the subject polypeptide, e.g. either agonistic or antagonistic forms, or a 
form in which the gene has been disrupted. The terms "chimeric avian" or "mosaic avian" 
are used herein to refer to avians in which the recombinant gene is found, or in which the 
recombinant is expressed in some but not all cells of the avian. The term "tissue-specific 
chimeric avian" indicates that the recombinant gene is present and/or expressed in some 
tissues but not others. 

[00541 The term "chromosomal positional effect (CPE)" as used herein refers to the 

variation in the degree of gene transcription as a function of the location of the transcribed 
locus within the cell genome. Random transgenesis may result in a transgene being inserted 
at different locations in the genome so that individual cells of a population of transgenic 
cells may each have at least one transgene, each at a different location and therefore each in 
a different genetic environment. Each cell, therefore, may express the transgene at a level 
specific for that particular cell and dependant upon the immediate genetic environment of 
the transgene. In a transgenic avian, as a consequence, different tissues may exhibit 
different levels of transgene expression. 

[0055] The term "cytokine" as used herein refers to any secreted polypeptide that 

affects the functions of cells and is a molecule that modulates interactions between cells in 
the immune, inflammatory or hematopoietic response. A cytokine includes, but is not 
limited to, monokines and lymphokines regardless of which cells produce them. For 
instance, a monokine is generally referred to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/or monocyte. Many other cells however also 
produce monokines, such as natural killer cells, fibroblasts, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes and B- 
lymphocytes. Lymphokines are generally referred to as being produced by lymphocyte 
cells. Examples of cytokines include, but are not limited to, Interleukin-1 (IL-1), 
Interleukin-6 (IL-6), Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF-alpha) and 
Tumor Necrosis Factor beta (TNF-beta). 

[0056] The term "antibody" as used herein refers to polyclonal and monoclonal 

antibodies and fragments thereof, and immunologic binding equivalents thereof. The term 
"antibody" refers to a homogeneous molecular entity, or a mixture such as a polyclonal 
serum product made up of a plurality of different molecular entities, and may further 
comprise any modified or derivatised variant thereof that retains the ability to specifically 
bind an epitope. A monoclonal antibody is capable of selectively binding to a target antigen 
or epitope. Antibodies may include, but are not limited to polyclonal antibodies, 
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monoclonal antibodies (mAbs), humanized or chimeric antibodies, camelized single chain 
antibodies (scFvs), Fab fragments, F(ab') 2 fragments, disulfide-linked Fvs (sdFv) fragments 
produced by a Fab expression library, anti-idiotypic (anti-Id) antibodies, intrabodies, 
synthetic antibodies, and epitope-binding fragments of any of the above. 
[0057] The term "immunoglobulin polypeptide" as used herein refers to a 

polypeptide derived from a constituent polypeptide of an immunoglobulin. An 
"immunoglobulin polypeptide" may be, but is not limited to, an immunoglobulin 
(preferably an antibody) heavy or light chain and may include a variable region, a diversity 
region, joining region and a constant region or any combination, variant or truncated form 
thereof. The term "immunoglobulin polypeptides" further includes single-chain antibodies 
comprised of, but not limited to, an immunoglobulin heavy chain variable region, an 
immunoglobulin light chain variable region and optionally a peptide linker. 
[0058] The term "male germ cells" as used herein refers to spermatozoa (i.e., male 

gametes) and developmental precursors thereof. In fetal development, primordial germ 
cells are thought to arise from the embryonic ectoderm, and are first seen in the epithelium 
of the endodermal yolk sac at the E8 stage. From there they migrate through the hindgut 
endoderm to the genital ridges. In the sexually mature male vertebrate animal, there are 
several types of cells that are precursors of spermatozoa, and which can be genetically 
modified, including the primitive spermatogonial stem cells, known as AO/ As, which 
differentiate into type B spermatogonia. The latter further differentiate to form primary 
spermatocytes, and enter a prolonged meiotic prophase during which homologous 
chromosomes pair and recombine. Useful precursor cells at several 
morphological/developmental stages are also distinguishable: preleptotene spermatocytes, 
leptotene spermatocytes, zygotene spermatocytes, pachytene spermatocytes, secondary, 
spermatocytes, and the haploid spermatids. The latter undergo further morphological 
changes during spermatogenesis, including the reshaping of their nucleus, the formation of 
aerosome, and assembly of the tail. The final changes in the spermatozoon (i.e., male 
gamete) take place in the genital tract of the female, prior to fertilization. 
[0059] The terms "ovum" and "oocyte" are used interchangeably herein. Although 

only one ovum matures at a time, an animal is bom with a finite number of ova. In avian 
species, such as a chicken, ovulation, which is the shedding of an egg from the ovarian 
follicle, occurs when the brain's pituitary gland releases a luteinizing hormone. Mature 
follicles form a stalk or pedicle of connective tissue and smooth muscle. Immediately after 
ovulation the follicle becomes a thin-walled sac, the post-ovulatory follicle. The mature 
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ovum erupts from its sac and starts its journey through the oviduct. Eventually, the ovum 
enters the infundibulum where fertilization occurs. Fertilization must take place within 15 
minutes of ovulation, before the ovum becomes covered by albumen. During fertilization, 
sperm (avians have polyspermic fertilization) penetrate the blastodisc. When the sperm 
lodges within this germinal disk, an embryo begins to form as a "blastoderm" or "zygote." 
[0060] The term "donor cell" is used herein to describe the source of the nuclear 

structure that is transplanted to the recipient enucleated cytoplast. All cells of normal 
karyotype, including embryonic, fetal, and adult somatic cells, preferably in a quiescent 
state, may be nuclear donors. The use of non-quiescent cells as nuclear donors has been 
described by Cibelli, et al, 1998, Science 280: 1256-8. 

[0061] This application uses gene nomenclature accepted by the Cucurbit Genetics 

Cooperative as it appears in the Cucurbit Genetics Cooperative Report, 1995, 18:85; herein 
incorporated by reference in its entirety. Using this gene nomenclature, genes are 
symbolized by italicized Roman letters. If a mutant gene is recessive to the normal type, 
then the symbol and name of the mutant gene appear in italicized lower case letters. 

3.2 Abbreviations 
[0062] Abbreviations used in the present specification include the following: aa, 

amino acid(s); bp, base pair(s); cDNA, DNA complementary to RNA; nt, nucleotide(s); 
SSC, sodium chloride-sodium citrate; MAR, matrix attachment region; DMSO, dimethyl 
sulfoxide; TPLSM, two photon laser scanning microscopy; REMI, restriction enzyme 
mediated integration; mAb, monoclonal antibody, WEFs, whole embryo fibroblasts. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0063] FIGS. 1A-E illustrate the nucleotide sequence (SEQ ID NO: 6) comprising 

the chicken lysozyme gene expression control region (SEQ ID NO: 7), the nucleotide 
sequence encoding the chicken expression optimized human interferon a2b 
(IFNMAGMAX; SEQ ID NO: 5) and a SV40 polyadenylation signal sequence (SEQ ID 
NO: 8). 

[0064] FIG. 2 illustrates the nucleotide sequence SEQ ID NO: 5 encoding the 

chicken expression optimized human interferon o2b (IFNMAGMAX). 
[0065] FIGS. 3A-E illustrate the nucleotide sequence SEQ ID NO: 7 encoding the 

chicken lysozyme gene expression control region. 

[0066] FIG. 4 illustrates the nucleotide sequence SEQ ID NO: 8 encoding the SV40 

polyadenylation signal sequence. 
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[0067] FIGS. 5 A-C illustrate the nucleotide sequence SEQ ID NO: 9 encoding the 

chicken lysozyme 3' domain. 

[0068] FIGS. 6A-J illustrate the nucleotide sequence SEQ ID NO: 10 encoding the 

lysozyme gene expression control region (SEQ ID NO: 7) linked to the nucleic acid insert 

SEQ ID NO: 5 encoding the chicken expression-optimized human interferon cOb 

(IFNMAGMAX) and the chicken lysozyme 3' domain SEQ ID NO: 9. 

[0069] FIG. 7 illustrates the results of the PCR analysis of chick blood DNA. Lanes 

4 and 5 and lanes 1 1 and 12 contain PCR products from blood DNA collected from bird 

#8305. 

[0070] FIG. 8 illustrates the results of ELISA for human IFN o2b in transgenic hen 

serum. 8307 and AA59 are serum samples collected from negative control birds. Numbers 
on top of the bars represent the number of days after hatching that the serum was collected. 
[0071] FIG. 9 illustrates the results of ELISA for human IFN o2b in transgenic hen 

egg white. Three eggs from each hen were assayed. 

[0072] FIG. 1 0 illustrates the results of SDS-P AGE analysis of human IFN-o2b 

purified from the pooled egg whites obtained from transgenic chicken AVI-029. 1, 
molecular weight markers; 2, transferrin/avidin markers; 3, ovalbumin/lysozyme markers; 
4, ovoglobulins; 5, pooled egg white; 6, solubilized egg white; 7, cation exchange Pool #1; 
8, cation exchange Pool #2; 9, HIC pool. 

[0073] FIG. 1 1 illustrates the results of a Western blot analysis of the protein 

contents of fractions from the purification of human IFN-o2b purified from the pooled egg 
whites obtained from transgenic chicken AVI-029. 1, HIC pool (artifact); 2, HIC pool; 3, 
cation exchange Pool #2; 4, cation exchange Pool #1; 5, solubilized egg white; 6, pooled 
egg white; 7, ovoglobulins; 8, ovalbmmin/lysozyme markers; 9, transferrin/avidin markers; 
10, molecular weight markers. 

[0074] FIG. 12 illustrates the glycosylation analysis of IFN-a2b purified from the 

pooled egg whites obtained from transgenic chicken AVI-029. 

[0075] FIG. 1 3 compares the identities and relative proportions of glycosylated 

side-chains of human and transgenic chicken human IFN-o2b. 
[0076] FIG. 14 illustrates the nucleic acid sequence SEQ ID NO: 1 1 of the 

combinatorial promoter MDOT. 

[0077] FIGS. 15A-B illustrate the oligonucleotides and primers (SEQ ID NOS: 17- 

34) used in the formation of the chicken codon optimized human interferon o2b-encoding 
nucleic acid. 
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[0078] FIG. 16 illustrates the levels of expression of human o2b in eggs as 

determined by ELISA. 

[0079] FIG. 17 illustrates the bioactivity versus the mass of human interferon o2b in 

G 2 hen egg whites. 

[0080] FIG. 18 illustrates interferon serum levels in chicks producing human 

interferon a2b. 

[0081] FIG. 19 illustrates the presence of a pLNHX-MDOT-IFN transgene in 

chicks. 

[0082] FIG. 20 illustrates the presence of a pLNHX-MDOT-IFN transgene in 

chicks. 

[0083] FIG. 21 illustrates the production of human interferon by quail oviduct cells 

transfected with pAVUCR-Al 15.93.1.2. 

[0084] FIG. 22 illustrates the primers (SEQ ID NOS: 38-41) used in the synthesis of 

the MDOT promoter. 

[0085] FIG. 23 illustrates the induction of human interferon o2b by hormonally 

treated transfected cells. 

[0086] FIGS. 24A-V illustrate the nucleotide sequence (SEQ ID NO:42) of OMC24, 

a chicken BAC clone containing the entire ovoinhibitor and ovomucoid genes. 
[0087] FIGS. 25A-B illustrate the nucleotide sequences of A) IRES-light chain 

cassette (SEQ ID NO:47) and B) IRES-heavy chain cassette (SEQ ID NO:48). The string 
of n's represents the location of the DNA encoding the light or heavy chain of the 
monoclonal antibody. 

[0088] FIG. 26 illustrates the detection of transgenic avian derived hMab via 

sandwich ELISA. 

[0089] FIG. 27 illustrates the stability of hMab expression in transgenic hen. The 

amount of hMab in egg white material was quantitated via sandwich ELISA for the specific 
human Ig (H+L). 

[0090] FIG. 28 illustrates SDS-PAGE analysis of partially purified hMab derived 

from a single transgenic hen. (M) Multi-mark standard, lane 1) 1 jag purified hMab 
(produced by mammalian cells), lane 2) 5 jag pre-column (transgenic avian egg white), lane 
3) 5 jag column flow thru (transgenic avian egg white), lane 4) partially purified hMab 
(transgenic avian egg white). 

[0091] FIG. 29 illustrates the antigen binding ability of hMab derived from 

transgenic avian. The level of antigen binding per picogram of transgenic avian derived 
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and mammalian cell derived hMab is graphed. Curves were generated by plotting 
absorbance vs. amount of hMab. 

[0092] FIGS. 30A-F illustrate the ability of transgenic avian derived hMab to bind 

target antigen expressed on cell surface. Mammalian cells were transfected with either a 
Luciferase expression plasmid (A, C, and E) or an expression plasmid carrying cDNA of 
the hMab's target antigen (B, D, and F). Collected cells were treated with one of three 
primary antibodies: the antigen specific hMab produced by mammalian cells (A and B), 
transgenic hen (hen #4992) (C and D), or human antibody of the same isotype but with 
different antigen specificity (E and F). Cells that exhibited APC-associated fluorescence 
are delineated with a box within each graph. 
5. DETAILED DESCRIPTION OF THE INVENTION 

[0093] The present invention relates to methods of introducing nucleic acids into 

avian embryonic cells to produce a transgenic chicken, or other avian species, carrying the 
transgene in the genetic material in all or most of its tissue, including germ-line tissue. The 
methods and vectors of the present invention further generate transgenic avians that express 
heterologous genes in the serum of the avian and/or are deposited into an avian egg, 
preferably in the egg white. Vectors containing promoters that direct high level of 
expression of the heterologous protein in the avian, particularly in the magnum for 
deposition into the avian egg are provided. Additional regulatory elements, such as MAR's, 
IRES' s, enhancers, polyadenlyation signals, etc., may be included in the vectors of the 
invention to improve expression and efficiency. 

[0094] Using the methods of the invention, transgenic avians that express 

significant quantities of useful heterologous proteins, e.g., therapeutic and diagnostic 
proteins, including immunoglobulins, industrially useful proteins and other biologies etc. in 
the avian egg white are produced. The heterologous protein can then be readily purified 
from the avian egg. The methods of the invention provide improved efficiencies of 
transgenesis, transmission of the transgene and/or level of heterologous protein expression. 
[0095] The transgenic avians of the invention are most preferably generated using 

cytoplasmic microinjection of nucleic acid into avian embryonic cells. Other methods 
contemplated by the invention include sperm-mediated transgenesis, nuclear transfer and 
injection or infection with a retroviral vector. Once the nucleic acid has been introduced 
into the embryo (or ovum which is then fertilized in vitro), the embryo is preferably 
returned to the avian using ovum transfer or, alternatively, is cultured ex vivo. 
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5.1 METHODS OF TRANSGENESIS 

5.1.1 CYTOPLASMIC INJECTION 
[0096] The present invention provides methods of introducing nucleic acids 

containing a transgene, preferably, nucleic acid vectors of the invention as described in 
Section 5.2, infra, into an embryonic avian cell or an avian ovum by microinjection into the 
cell. In preferred embodiments, the nucleic acid is introduced by microinjection into the 
cytoplasm of the cell; however, in other embodiments of the invention, the nucleic acid is 
introduced into a nucleus or pronucleus, or is deposited in the perinuclear space. 
[0097] In the method of the present invention, fertilized ova, and preferably stage I 

embryos, are isolated from euthanized hens between forty-five minutes and four hours after 
oviposition of the previous egg. It is, however, contemplated that the methods of the 
present invention maybe applied to recipient cells of other stages of embryonic 
development such as stage I-X, as described by Eyal-Giladi and Kochav (1976, Dev. Biol. 
49:321-337). Alternatively, eggs may be isolated from hens whose oviducts have been 
fistulated as described by Gilbert and Woodgush,1963, J. ofReprod. and Fertility 5: 451- 
453 and Pander et al, 1989, Br. Poult. Sci. 30: 953-7; incorporated herein in their entireties. 
Also, unfertilized eggs can be injected by in-vitro fertilization performed by any method 
known in the art, for example, but not limited to, the method of Tanaka et al., 1994, J. 
Reprod. Fertility 100:447-449 (the content of which is incorporated herein in its entirety). 
[0098] In particular, microinjection into the germinal disk can be accomplished as 

described in Example 1, infra. Briefly, once the fertilized ovum or embryo has been 
obtained, the albumen capsule is optionally removed and the ovum placed in a dish with the 
germinal disk facing upwards. Remnants of the albumen capsule may be removed from 
over the germinal disk if necessary and/or desired. Phosphate buffered saline (PBS) or any 
other appropriate physiological solution may be added to the dish to prevent drying of the 
ovum. 

[0099] Preferably, prior to microinjection, the surface of the embryo is visualized 

using a lateral imaging system described previously (International Patent Publication WO 
02/064,727), this system allows precise imaging of the injection site and facilitates accurate 
needle placement and injection within the germinal disk of the recipient embryo. 
[001 ] In one embodiment, allowing the visualization of the embryo' s pronuclear or 

nuclear structures, a dye such as MitoTracker® (300 nM, Molecular Probes catalog 
number M-7510), can be added to the cylinder. Other dyes, such as DAPI (4", 6"- 
diamidino-2-phenylindole hydrochloride), HOECHST® 33342 (bis-benzimide), or Syto 59, 
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can also be used in methods of the invention. Visualization generally is performed after 
approximately 20 minutes of incubation. Imaging using the MitoTracker® dye shows 
intense labeling of the region around the nucleus while the nucleus itself does not take up 
the dye. This allows localization of the embryo's nuclear structures for injection while not 
causing excessive damage to its structure since the content of the pronuclei are not labeled 
and therefore are not bleached during imaging. The nucleic acid solution (generally 1-100 
nanoliters) is then injected into the cytoplasm or, alternatively, into the pronucleus or 
perinuclear space. 

[002] Any suitable microinjection assembly and methods for microinjecting and 

reimplanting avian eggs are contemplated as useful in the method of cytoplasmic injection 
of the present invention. A particularly suitable apparatus and method for use in the present 
invention is fully described in U.S. Patent Application No: 09/919,143 by Christmann and 
PCT Publication WO 02/064727, incorporated herein by reference in their entireties. The 
microscope/micromanipulation unit may be an IM-16 microinjector and a MM-188NE 
micromanipulator, both from NIKON®/NARISHIGE, adapted to an upright Nikon Eclipse 
E800 microscope adapted to operate under both transmitted and reflected light conditions. 
This unique configuration allows the loading of a DNA solution into a micropipette while 
observing the pipette with a dry or water immersion lenses under diascopic illumination or 
transmitted light. Pipette loading is followed by the prompt localization and positioning of 
the germinal disk under the microscope and subsequent guided injection of DNA solution 
into the germinal disk using dry or water-immersion lenses under fiber optic, as well as 
episcopic, illumination (through the objectives and onto the embryo surface). 
[003] In certain embodiments, the microinjected cell will also be subjected to 

microelectroporation. The application of electrical current, e.g., microelectroporation, 
enhances the uptake of exogenous DNA fragments by cultured cells and the uptake of 
nucleic acids in the cytoplasm of a cell into the nucleus. Enhancement of nuclear uptake of 
the heterologous DNA will promote earlier chromosomal integration of the exogenous 
DNA molecules, thus reducing the degree of genetic mosaicism observed in transgenic 
avian founders. 

[004] Accordingly, in specific embodiments, a sample of nucleic acid will be 

microinjected using the methods described immediately above, and then, delivered to a 
recipient cell nucleus by microelectroporation. In a system suitable for use in 
microelectroporating early stage avian cells, a cathode will be located within the lumen of 
the DNA delivery micropipette. Alternatively, the cathode electrode may be located on the 
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exterior surface of the micropipette. For either option, the electrode is situated close or 
adjacent to the exit orifice of the pipette so that the electrode and the micropipette may be 
introduced into the recipient cell together. Alternatively, the micropipette will be 
introduced into the cytoplasm and used to guide a cathode to make electrical contact with 
the cytoplasm of the targeted cell. 

[005] In one arrangement of the electrodes of the microelectroporation system, the 

anode is located on the micropipette and, therefore, will enter the cell or cells with the 
micropipette and the cathode. In another arrangement, an anode is in electrical contact with 
the solution that surrounds the targeted recipient early stage avian cell. In yet another 
version, the anode is individually positioned within the cytoplasm, or the nucleus, of the 
recipient cell. The anode and cathode are electrically connected to an electrical pulse 
generator capable of delivering a timed electrical pulse to the electrodes. One suitable 
apparatus for generating a timed electrical pulse according to the present invention is a 
Ration Scientific Iontaphorsis pump BAB-500 or ECM 830 manufactured by BTX®. After 
microinjection of the nucleic acid, the recipient cell will be pulsed at least once with about 
0.1 to about 20.0 microamps for about 0.1 to about 60 sees. 

[006] After injection and, optionally, microelectroporation, the embryo is allowed 

to proceed through the natural in vivo cycle of albumen deposition and hard-shell formation. 
In preferred embodiments, the embryo is surgically transferred into the infundibulum of a 
recipient hen, where it is allowed to move into the infundibulum and into the anterior 
magnum by gravity feed, such that the recipient hen produces a hard shell egg that is 
incubated to produce a transgenic chick. See, e.g., Olsen and Neher, 1948, J. Exp. Zoo 109: 
355-366, which is incorporated by reference in its entirety. The transgenic embryo is then 
laid as a hard-shell egg and may be incubated to hatch a transgenic chick. In an alternate 
embodiment of the present invention, the injected embryo is transferred into the oviduct of 
a recipient hen, a soft-shell egg is collected between 12 and 24 hours after ovum transfer by 
injecting the hen with sufficient oxytocin to induce ovipositioning. The soft shell egg can 
subsequently be incubated, and a chick hatched, using an in-vitro culture system as, for 
example, that described by Perry in U.S. Patent No. 5,01 1,780 (the contents of which is 
incorporated herein in its entirety). In either case, the hatched chick may be allowed to 
attain sexual maturity whereupon it can be used, for example, to breed new generations of 
heterozygous or homozygous transgenic progeny. Sexually mature female transgenic 
avians are particularly useful for the expression of a heterologous nucleic acid to yield a 
heterologous polypeptide in the white of an egg. 
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[007] The hatched chick can then be tested for presence of the transgene and/or 

expression of the heterologous protein encoded by the transgene using methods well known 
in the art. In a particular embodiment, blood cells of the hatched chick are screened using 
methods disclosed in United States Patent No. 6,423,488, issued July 3, 2002, which is 
hereby incorporated by reference in its entirety. 

5.1.2 TRANSGENESIS OF BLASTODERMAL CELLS 
[008] In alternative embodiments, a transgene can be introduced into avian 

embryonic blastodermal cells, to produce a transgenic chicken, or other avian species, that 
carries the transgene in the genetic material of its germ-line tissue. The methods and 
vectors of the present invention further generate transgenic avians capable of expressing 
heterologous genes in the serum of the avian and /or deposited in an avian egg. The 
blastodermal cells are typically stage VII-XII cells, or the equivalent thereof, and preferably 
are near stage X. The cells useful in the present invention include embryonic germ (EG) 
cells, embryonic stem (ES) cells & primordial germ cells (PGCs). The embryonic 
blastodermal cells may be isolated freshly, maintained in culture, or reside within an 
embryo. 

[009] A variety of vectors useful in carrying out the methods of the present 

invention are described herein, in Section 5.2 infra. These vectors may be used for stable 
introduction of an exogenous coding sequence into the genome of a bird. In alternative 
embodiments, the vectors may be used to produce exogenous proteins in specific tissues of 
an avian, and in the oviduct in particular. In still further embodiments, the vectors are used 
in methods to produce avian eggs which contain exogenous protein. 
[010] In some cases, introduction of a vector of the present invention into the 

embryonic blastodermal cells is performed with embryonic blastodermal cells that are either 
freshly isolated or in culture. The transgenic cells are then typically injected into the 
subgerminal cavity beneath a recipient blastoderm in an egg. In some cases, however, the 
vector is delivered directly to the cells of a blastodermal embryo. 
[011] In one embodiment of the invention, vectors used for transfecting 

blastodermal cells and generating random, stable integration into the avian genome contain 
a coding sequence and a magnum-specific promoter in operational and positional 
relationship to express the coding sequence in the tubular gland cell of the magnum of the 
avian oviduct. The magnum-specific promoter may optionally be a segment of the 
ovalbumin promoter region which is sufficiently large to direct expression of the coding 
sequence in the tubular gland cells. Other exemplary promoters include the promoter 
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regions of the ovalbumin, lysozyme, conalbumin, ovomucoid, or ovomucin genes. 
Alternatively, the promoter may be a promoter that is largely, but not entirely, specific to 
the magnum, such as the lysozyme promoter. Other suitable promoters may be artificial 
constructs such as a combination of nucleic acid regions derived from at least two avian 
gene promoters. One such embodiment of the present invention is the MDOT construct 
comprising regions derived from the chicken ovomucin and ovotransferrin promoters 
[012] In an alternative embodiment of the invention, transgenes containing 

constitutive promoters are used, but the transgenes are engineered so that expression of the 
transgene effectively becomes magnum-specific. Thus, a method for producing an 
exogenous protein in an avian oviduct provided by the present invention involves 
generating a transgenic avian that bears two transgenes in its tubular gland cells. One 
transgene comprises a first coding sequence operably linked to a constitutive promoter. The 
second transgene comprises a second coding sequence that is operably linked to a magnum- 
specific promoter, where expression of the first coding sequence is either directly or 
indirectly dependent upon the cellular presence of the protein expressed by the second 
coding sequence. 

[013] Optionally, site-specific recombination systems, such as the Cre-/oxP or FLP- 

FRT systems, are utilized to implement the magnum-specific activation of an engineered 
constitutive promoter. In one embodiment, the first transgene contains an FRT-bounded 
blocking sequence which blocks expression of the first coding sequence in the absence of 
FTP, and the second coding sequence encodes FTP. In another embodiment, the first 
transgene contains a /oxP-bounded blocking sequence which blocks expression of the first 
coding sequence in the absence of the Cre enzyme, and the second coding sequence 
encodes Cre. The foxP-bounded blocking sequence may be positioned in the 5' 
untranslated region of the first coding sequence and the /oxP-bounded sequence may 
optionally contain an open reading frame. 

[014] For instance, in one embodiment of the invention, magnum-specific 

expression is conferred on a constitutive transgene, by linking a cytomegalovirus (CMV) 
promoter to the coding sequence of the protein to be secreted (CDS). The 5 5 untranslated 
region (UTR) of the coding sequence contains a /oxP-bounded blocking sequence. The 
/oxP-bounded blocking sequence contains two lox? sites, between which is a start codon 
(ATG) followed by a stop codon, creating a short, nonsense open reading frame (ORF). 
Note that the loxP sequence contains two start codons in the same orientation. Therefore, to 
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prevent them from interfering with translation of the coding sequence after loxP excision, 
the loxP sites must be orientated such that the ATGs are in the opposite strand. 
[015] In the absence of Cre enzyme, the cytomegalovirus promoter drives 

expression of a small open reading frame (ORF). Ribosomes will initiate at the first ATG, 
the start codon of the ORF, then terminate without being able to reinitiate translation at the 
start codon of the coding sequence. To be certain that the coding sequence is not translated, 
the first ATG is out of frame with the coding sequence's ATG. If the Cre enzyme is 
expressed in cells containing the CMV-cDNA transgene, the Cre enzyme will recombine 
the lox? sites, excising the intervening ORF. Translation will begin at the start codon of the 
coding sequence, resulting in synthesis of the desired protein. 

[016] To make this system tissue specific, the Cre enzyme is expressed under the 

control of a tissue-specific promoter, such as the magnum-specific ovalbumin promoter, in 
the same cell as the CMV-/axP-coding sequence transgene. Although a truncated 
ovalbumin promoter may be fairly weak, it is still tissue-specific and will express sufficient 
amounts of the Cre enzyme to induce efficient excision of the interfering ORF. In fact, low 
levels of recombinase should allow higher expression of the recombinant protein since it 
does not compete against coding sequence transcripts for translation machinery. 
[017] Alternate methods of blocking translation of the coding sequence include 

inserting a transcription termination signal and/or a splicing signal between the loxP sites. 
These can be inserted along with the blocking ORF or alone. In another embodiment of the 
invention, a stop codon can be inserted between the loxP sites in the signal peptide of the 
coding sequence. Before recombinase is expressed, the peptide terminates before the 
coding sequence. After recombinase is expressed (under the direction of a tissue specific 
promoter), the stop codon is excised, allowing translation of the coding sequence. The loxP 
site and coding sequence are juxtaposed such that they are in frame and the loxP stop 
codons are out of frame. Since signal peptides are able to accept additional sequence 
(Brown et al., Mol. Gen. Genet. 197:351-7 (1984)), insertion of loxP or other recombinase 
target sequences (i.e. FRT) is unlikely to interfere with secretion of the desired coding 
sequence. In one expression vector, the loxP site is present in the signal peptide such that 
the amino acids encoded by loxP are not present in the mature, secreted protein. Before Cre 
enzyme is expressed, translation terminates at the stop codon, preventing expression of 0- 
lactamase. After recombinase is expressed (only in magnum cells), the loxP sites 
recombine and excise the first stop codon. Therefore, /3-lactamase is expressed selectively 
only in magnum cells. 
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[018] In the aforementioned embodiments, the blocking ORF can be any peptide 

that is not harmful to chickens. The blocking ORF can also be a gene that is useful for 
production of the ALV-transduction particles and/or transgenic birds. In one embodiment, 
the blocking ORF is a marker gene. 

[019] For instance, the blocking ORF could be the neomycin resistance gene, which 

is required for production of transduction particles. Once the transgene is integrated into 
the chicken genome, the neomycin resistance gene is not required and can be excised. 
[020] Alternatively, ^-lactamase can be used as the blocking ORF as it is an useful 

marker for production of transgenic birds. (For specific examples of the use of ^-lactamase 
as a marker in transgenic birds, see Example 13, below.) As an example, the blocking ORF 
is replaced by ^-lactamase and the downstream coding sequence now encodes a secreted 
biopharmaceutical. j8-Lactamase will be expressed in blood and other tissues; it will not be 
expressed in the magnum after magnum-specific expression of Cre and recombination- 
mediated excision of ^-lactamase, allowing expression of the desired protein. 
[021] The Cre and loxP transgenes could be inserted into the chicken genome via 

mediated transgenesis either simultaneously or separately. Any method of transgenesis that 
results in stable integration into the chicken genome is suitable including, but not limited to, 
viral integration and sperm-mediated integration. Both the ovalbumin promoter- 
recombinase and CMV-/ojcP-CDS transgenes could be placed simultaneously into chickens. 
However, the efficiencies of transgenesis are low and therefore the efficiency of getting 
both transgenes into the chicken genome simultaneously is low. In an alternative and 
preferred method, one flock is produced that carries the magnum-specific 
promoter/recombinase transgene and a second is produced that carries the CMV-/oxP-CDS 
transgene. The flocks would then be crossed to each other. Hens resulting from this 
outbreeding will express the coding sequence and only in their magnum. 
[022] As mentioned above, the vectors produced according to the methods of the 

invention may optionally be provided with a 3' UTR containing a polyadenylation site to 
confer stability to the RNA produced. In a preferred embodiment, the 3' UTR may be that 
of the exogenous gene, or selected from the group consisting of the ovalbumin, lysozyme, or 
SV40 late region However, the ovalbumin 3' UTR is not suitable in a PMGI vector that is 
to be inserted into the endogenous ovalbumin gene because the addition of ovalbumin 
sequences to the PMGI vector will interfere with proper targeting. 
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5.1.3 VIRAL HOST CELL TRANSFORMATION 
[023] In another embodiment, a method of introducing a nucleic acid comprising a 

nucleic acid sequence encoding one of the subject polypeptides and the associated gene 
expression control regions into a cell is using of a viral vector containing nucleic acid, e.g. a 
cDNA, encoding the gene product. Infection of cells with a viral vector has the advantage 
that a large proportion of the targeted cells can receive the nucleic acid. Additionally, 
molecules encoded within the viral vector, e.g., by a cDNA contained in the viral vector, are 
expressed efficiently in cells that have taken up viral vector nucleic acid. 
[024] Retrovirus vectors and adeno-associated virus vectors are generally 

understood to be the recombinant gene delivery system of choice for the transfer of 
heterologous genes in vivo. These vectors provide efficient delivery of genes into cells, and 
the transferred nucleic acids are stably integrated into the chromosomal DNA of the host. 
Recombinant retrovirus can be constructed wherein the retroviral coding sequences (gag, 
pol, env) have been replaced by nucleic acid encoding a polypeptide, thereby rendering the 
retrovirus replication defective. Protocols for producing recombinant retroviruses and for 
infecting cells in vitro or in vivo with such viruses can be found in Current Protocols in 
Molecular Biology, Ausubel et aL, (1989) (eds.) Greene Publishing Associates, Sections 
9.10-9.14 and other standard laboratory manuals. Examples of suitable retroviruses include 
pLJ, pZIP, pWE and pEM which are well known to those skilled in the art. Examples of 
suitable packaging virus lines for preparing both ecotropic and amphotropic retroviral 
systems include psiCrip, psiCre, psi2 and psiAm. 

[025] Furthermore, it is possible to limit the infection spectrum of retroviruses and 

consequently of retro viral-based vectors, by modifying the viral packaging proteins on the 
surface of the viral particle (see, for example PCT publications WO 93/25234, WO 
94/06920, and WO 94/1 1524). For instance, strategies for the modification of the infection 
spectrum of retroviral vectors include coupling antibodies specific for cell surface antigens 
to the viral env protein (Roux et al, 1989, Proc. Natl Acad. Sci. 86: 9079-9083; Julan et 
al, J- Gen. Virol 73: 3251-3255 (1992); and Goud et aL, 1993, Virology 163: 251-254 ); or 
coupling cell surface ligands to the viral env proteins (Neda et al, 1991,7. Biol. Chem. 266, 
14143-14146), and which are incorporated herein by reference in their entireties. Coupling 
can be in the form of the chemical cross-linking with a protein or other variety (e.g. lactose 
to convert the env protein to an asialoglycoprotein), as well as by generating fusion proteins 
(e.g. single-chain antibody/env fusion proteins). This technique, while useful to limit or 
otherwise direct the infection to certain tissue types, can also be used to convert an 
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ecotropie vector into an amphotropic vector. Moreover, use of retroviral gene delivery can 
be further enhanced by the use of tissue- or cell-specific transcriptional regulatory 
sequences that control expression of the nucleic acid encoding an immunoglobulin 
polypeptide of the retroviral vector. 

[026] One retrovirus for randomly introducing a transgene into the avian genome is 

the replication-deficient ALV retrovirus. To produce an appropriate ALV retroviral vector, 
a pNLB vector is modified by inserting a region of the ovalbumin promoter and one or more 
exogenous genes between the 5' and 3' long terminal repeats (LTRs) of the retrovirus 
genome. Any coding sequence placed downstream of the ovalbumin promoter will be 
expressed at high levels and only in the tubular gland cells of the oviduct magnum because 
the ovalbumin promoter drives the high level of expression of the ovalbumin protein and is 
only active in the oviduct tubular gland cells. While a 7.4 kb ovalbumin promoter has been 
found to produce the most active construct when assayed in cultured oviduct tubular gland 
cells, the ovalbumin promoter must be shortened for use in the retroviral vector. In a 
preferred embodiment, the retroviral vector comprises a 1.4 kb segment of the ovalbumin 
promoter; a 0.88 kb segment would also suffice. 

[027] Any of the vectors of the present invention may also optionally include a 

coding sequence encoding a signal peptide that will direct secretion of the protein expressed 
by the vector's coding sequence from the tubular gland cells of the oviduct. This aspect of 
the invention effectively broadens the spectrum of exogenous proteins that may be 
deposited in avian eggs using the methods of the invention. Where an exogenous protein 
would not otherwise be secreted, the vector bearing the coding sequence is modified to 
comprise a DNA sequence comprising about 60 bp encoding a signal peptide from the 
lysozyme gene. The DNA sequence encoding the signal peptide is inserted in the vector 
such that it is located at the N-terminus of the protein encoded by the cDNA. 
[028] Construction of one vector is reported in Example 10, below, ^-lactamase 

may be expressed from the CMV promoter and utilizes a poly adenylation signal (pA) in 
the 3' long terminal repeat (LTR). /3-Lactamase has a natural signal peptide; thus, it is 
found in blood and in egg white. 

[029] Avian embryos have been successfully transduced with pNLB-CMV-BL 

transduction particles (see Examples 1 1 and 12, below). The egg whites of eggs from the 
resulting stably transduced hens were found to contain up to 20 mg of secreted, active 0- 
lactamase per egg (see Example 13, below). 
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[030] Another viral gene delivery system useful in the present invention utilizes 

adenovirus-derived vectors. The genome of an adenovirus can be manipulated such that it 
encodes a gene product of interest, but is inactivated in terms of its ability to replicate in a 
normal lytic viral life cycle (see, for example, Berkner et al, 1988, BioTechniques 6:616; 
Rosenfeld et ah, 1991, Science 252:431-434; and Rosenf eld et al, 1992, Cell 68:143-155; 
incorporated herein by reference in their entireties). Suitable adenoviral vectors derived 
from the adenovirus strain Ad type 5 dl324 or other strains of adenovirus (e.g., Ad2, Ad3, 
Ad7 etc.) are well known to those skilled in the art. The virus particle is relatively stable 
and amenable to purification and concentration, and as above, can be modified so as to 
affect the spectrum of infectivity. Additionally, introduced adenoviral DNA (and foreign 
DNA contained therein) is not integrated into the genome of a host cell but remains 
episomal, thereby avoiding potential problems that can occur as a result of insertional 
mutagenesis in situations where introduced DNA becomes integrated into the host genome 
(e.g., retroviral DNA). Most replication-defective adenoviral vectors currently in use and 
therefore favored by the present invention are deleted for all or parts of the viral El and E3 
genes but retain as much as 80% of the adenoviral genetic material (see, for example, Jones 
et al, 1979, Cell 16: 683; Berkner et al, supra; and Graham et al, in Methods in Molecular 
Biology, E. J. Murray, (1991) Ed. (Humana, Clifton, N.J.) vol. 7. pp. 109-127; all of which 
are incorporated herein by reference in their entireties). Expression of an inserted nucleic 
acid encoding a polypeptide such as JENMAGMAX, an immunoglobulin, EPO, GM-CSF, 
can be under control of, for example, the lysozyme promoter, the ovalbumin promoter, 
artificial promoter construct sequences and the like. 

[031] Yet another viral vector system useful for delivery of, for example, the 

subject nucleic acid encoding an immunoglobulin polypeptide, is the adeno-associated virus 
(AAV). Vectors containing as little as 300 base pairs of AAV can be packaged and can 
integrate. Space for heterologous DNA is limited to about 4.5 kb. An AAV vector such as 
that described in Tratschin et al, 1985, Mol. Cell. Biol. 5, 3251-3260, can be used to 
introduce DNA into cells. A variety of nucleic acids have been introduced into different 
cell types using AAV vectors (see, for example, Hermonat et al, 1984, Proc. Natl. Acad. 
Sci. 81: 6466-6470; Tratschin etal, 1985, Mol. Cell. Biol. 4:2072-2081; Wondisford et al, 
1988, Mol. Endocrinol. 2: 32-39; Tratschin etal, 1984, J. Virol. 51: 611-619; andFlotteet 
al, 1993, J. Biol. Chem. 268: 3781-3790, incorporated herein by reference in their 
entireties). 
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[032] Other viral vector systems that may have application in the methods 

according to the present invention have been derived from, but are not limited to, herpes 

virus, vaccinia virus, avian leucosis virus and several RNA viruses. 

5.1.4 GENERATION OF TRANSGENIC AVIAN ZYGOTES BY 
NUCLEAR TRANSFER AND TPLSM 

[033] In another embodiment, transgenes may be introduced into the ovum of an 

animal, according to the present invention, by nuclear transfer via two-photon visualization 

and ablation, wherein the nuclear donor contains a desired heterologous DNA sequence in 

its genome. One of ordinary skill in the art will be able to readily adapt conventional 

methods to insert the desired transgene into the genome of the nuclear donor prior to 

injection of the nuclear donor into the recipient cytoplast, or prior to fusion of the nuclear 

donor cell with the recipient cell. For example, a vector that contains one or more 

transgene(s) encoding at least one polypeptide chain of an antibody, may be delivered into 

the nuclear donor cell through the use of a delivery vehicle. The transgene is then 

transferred along with the nuclear donor into the recipient ovum. Following zygote 

reconstruction, the ovum is transferred into the reproductive tract of a recipient hen. In one 

embodiment of the present invention, the ovum is transferred into the infundibulum of the 

recipient hen. After reconstruction, the embryo containing the transgene develops inside 

the recipient hen and travels through the oviduct thereof where it is encapsulated by natural 

egg white proteins and a natural egg shell. The egg is laid and can be incubated and 

hatched to produce a transgenic chick. The resulting transgenic chick will carry one or 

more desired transgene(s) in its germ line. Following maturation, the transgenic avian may 

lay eggs that contain one or more desired heterologous protein(s) that can be easily 

harvested. 

[034] In another embodiment of the present invention, a nuclear donor cell is 

transfected with a vector construct that contains a transgene encoding at least one 
polypeptide chain. Methods for transfection of somatic cell nuclei are well known in the art 
and include, by way of example, the use of retroviral vectors, retrotransposons, 
adenoviruses, adeno-associated viruses, naked DNA, lipid-mediated transfection, 
electroporation and direct injection into the nucleus. Such techniques, particularly as 
applied to avians, are disclosed in Bosselman (U.S. Patent No. 5,162,215), Etches (PCT 
Publication No. WO 99/10505), Hodgson (U.S. Patent No. 6,027,722), Hughes (U.S. Patent 
No. 4,997,763), Ivarie (PCT Publication No. WO 99/19472), MacArthur (PCT Publication 
No. WO 97/47739), Perry (U.S. Patent No. 5,01 1,780), Petitte (U.S. Patent Nos. 5,340,740 
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and 5,656,749), and Simkiss (PCT Publication No. WO 90/11355), the disclosures of which 
are incorporated by reference herein in their entireties. 

[035] Nuclear transfer allows the cloning of animal species, wherein individual 

steps are common to the procedures of embryonic, fetal and adult cell cloning. These steps 
include, but are not limited to, preparation of a cytoplast, donor cell nucleus (nuclear donor) 
isolation and transfer to the cytoplast to produce a reconstructed embryo, optional 
reconstructed embryo culture, and embryo transfer to a synchronized host animal. 
[036] The present invention may use this approach to nuclear transfer in animals by 

employing two-photon visualization. In embodiments of the invention, the recipient animal 
is an avian including, but not limited to, chickens, ducks, turkeys, quails, pheasants and 
ratites. In this method, a fertilized or unfertilized egg is removed from an animal and 
manipulated in vitro, wherein the genetic material of the egg is visualized and removed and 
the ablated nucleus replaced with a donor nucleus. Optionally, the donor nucleus may be 
genetically modified with, for example, a transgene encoding an immunoglobulin 
polypeptide. Two-photon laser scanning microscopy (TPLSM) may be used to visualize 
the nuclear structures. Following visualization, the nucleus in the recipient cell, such as a 
fertilized or unfertilized egg, is removed or ablated, optionally using TPLSM. 
[037] TPLSM is based on two-photon excited fluorescence in which two photons 

collide simultaneously with a fluorescent molecule. Their combined energy is absorbed by 
the fluorophore, inducing fluorescent emission that is detected by a photomultiplier tube 
and converted into a digital image. See Squirrel! et al, 1999, Nature Biotechnol. 17:763-7 
and Piston et al, 1999, Trends Cell Biol. 9:66-9, incorporated herein by reference in then- 
entireties. TPLSM generates images of living, optically dense structures for prolonged 
periods of time, while not affecting their viability. TPLSM utilizes biologically innocuous 
pulsed near-infrared light, usually at a wavelength of about 700 ran to about 1000 ran, 
which is able to penetrate deep into light-scattering specimens. TPLSM may employ 
different lasers, such as a mode-locked laser, where the wavelength is fixed, or a tunable 
laser that can be tuned to wavelengths between about 700 nm and about 1000 nm, 
depending upon the range of emission of the dye used. For DAPI and Hoescht 33342 dyes, 
720-770 nm is preferred. New fluorophores are being produced with different ranges of 
emission and the invention is not limited to the presently available dyes and their respective 
emission ranges. 

[038] Furthermore, lasers used in TPLSM can be grouped into femtosecond and 

picosecond lasers. These lasers are distinguished by their pulse duration. A femtosecond 
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laser is preferred since it is particularly suitable for visualization without harming the 
specimen. 

[0391 TPLSM produces noninvasive, three-dimensional, real-time images of the 

optically dense avian egg. Visualization of the metaphase plate or pronucleus in avian eggs 
during nuclear transfer has been prevented by the yolk. Two-photon imaging with 
femtosecond lasers operating in the near infrared, however, allows visualization of nuclear 
structures without damaging cellular constituents. Prior to visualization, specimens may be 
incubated or injected with DNA-specific dyes such as DAPI (4', 6'-diamidino-2- 
phenylindole hydrochloride) or Hoescht 33342 (bis-benzimide), the albumen capsule is 
removed and the ovum placed in a dish with the germinal disk facing the top. Remnants of 
the albumen capsule are removed from the top of the germinal disk. 
[040] An aqueous solution, for example phosphate-buffered saline (PBS), is added 

to prevent drying of the ovum. A cloning cylinder is placed around the germinal disk and 
DAPI in PBS is added to the cylinder. Alternatively, a DAPI-PBS solution may be injected 
into the germinal disk with a glass pipette, whereupon the dye enters the nuclear structures. 
For dye injection, removal of the albumen capsule is not necessary, whereas injection of 
nuclei into the disk is facilitated in the absence of the capsule. 

[041 ] Images of the inside of the early avian embryo can be generated through the 

use of TPLSM. Visualization maybe performed after about 10 to 15 minutes of incubation 
or about 10 minutes after dye injection. During visualization, the germinal disk is placed 
under the microscope objective and the pronuclear structures are searched within the central 
area of the disk using relatively low laser powers of about 3-6 milliwatts. Once the 
structures are found they may be ablated by using higher laser power or mechanically 
removed, guided by TPLSM. 

[042] Nuclear transfer also requires the destruction or enucleation of the pronucleus 

before a nuclear donor can be introduced into the oocyte cytoplast. Two-photon laser- 
mediated ablation of nuclear structures provides an alternative to microsurgery to visualize 
the pronucleus lying about 25/im beneath the ovum's vitelline membrane within the 
germinal disk. Higher laser powers than those used for imaging are used for enucleation, 
with minimal collateral damage to the cell. The wavelength for ablation generally ranges 
from about 700 nm to 1000 nm, at about 30 to about 70 milliwatts. TPLSM and two- 
photon laser-mediated ablation are more efficient than alternative methods because they are 
less operator dependent and less invasive, which results in improved viability of the 
recipient cell. 
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[043] A nucleus from a cultured somatic cell (nuclear donor) may then be injected 

into the enucleated recipient cytoplast by a micromanipulation unit comprising a 
microinjector and a micromanipulator. The donor nucleus is introduced into the germinal 
disk though guided injection using episcopic illumination (i.e., light coming through the 
objective onto the sample). Alternatively, a donor cell may be fused to the recipient cell 
using methods well known in the art, e.g. by means of fusion-promoting chemicals, such as 
polyethylene glycol, inactivated viruses, such as Sendai virus, or electrical stimulation. The 
reconstructed zygote may then be surgically transferred to the oviduct of a recipient hen to 
produce a hard shell egg. Alternatively, the reconstructed embryo may be cultured for 24 
hours and screened for development prior to surgical transfer. 

[044] The egg can be harvested after laying and before hatching of a chick, or 

further incubated to generate a cloned chick, optionally genetically modified. The cloned 
chick may carry a transgene in all or most of its cells. After maturation, the transgenic 
avian may lay eggs that contain one or more desired, heterologous protein(s). The cloned 
chick may also be a knock-in chick expressing an alternative phenotype or capable of laying 
eggs having an heterologous protein therein. The reconstructed egg may also be cultured to 
term using the ex ovo method described by Perry et al. {supra). 

5.1.5 ZYGOTE RECONSTRUCTION BY OVUM TRANSFER 
[045] Another embodiment of the invention provides for a method of producing a 

cloned animal comprising nuclear transfer in combination with ovum transfer. Two-photon 
visualization and ablation may be used to perform nuclear transfer, as described above. 
Accordingly, the replacement of the recipient cell's nucleus with the donor cell's nucleus 
results in a reconstructed zygote. Preferably, pronuclear stage eggs are used as recipient 
cytoplasts already activated by fertilization. Alternatively, unactivated metaphase II eggs 
may serve as recipient cytoplast and activation induced after renucleation. The ovum may 
be cultured via ovum transfer, wherein the ovum containing the reconstructed zygote is 
transferred to a recipient hen. The ovum is surgically transferred into the oviduct of the 
recipient hen shortly after oviposition. This is accomplished according to normal 
husbandry procedures (oviposition, incubation, and hatching; see Tanaka et al, supra). 
[046] Alternatively, the ovum may be cultured to stage X prior to transfer into a 

recipient hen. More specifically, reconstructed stage I embryos are cultured for 24-48 hours 
to stage X. This allows for developmental screening of the reconstructed embryo prior to 
surgical transfer. Stage I embryos are enclosed within a thick albumen capsule. In this 
novel procedure, the albumen capsule is removed, after which the nuclear donor is injected 
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into the germinal disk. Subsequently, the capsule and germinal disk are recombined by 
placing the thick capsule in contact with the germinal disk on top of the yolk. Embryos 
develop to stage X at similar rates as those cultured with their capsules intact. At stage X, 
the embryo is transferred to the oviduct of a recipient hen. 

[047] Once transferred, the embryo develops inside the recipient hen and travels 

through the oviduct of the hen where it is encapsulated by natural egg white proteins and a 
natural egg shell. The egg which contains endogenous yolk and an embryo from another 
hen, is laid and can then be incubated and hatched like a normal chick. The resulting chick 
may carry a transgene in all or most of its cells. Preferably, the transgene is at least in the 
oviduct cells of the recipient chick. Following maturation, the cloned avian may express a 
desired phenotype or may be able to lay eggs that contain one or more desired, heterologous 
protein(s). 

5.1.6 SPERM-MEDIATED INTEGRATION OF HETEROLOGOUS 
TRANSGENES 

[048] Detailed descriptions of methods of sperm-mediated transfer of nucleic acid 

suitable for use in the present invention are described in the PCT Publication WO 
00/697257, incorporated herein by reference in its entirety. The first method of 
incorporating heterologous genetic material into the genome of an avian delivers a nucleic 
acid using known gene delivery systems to male germ cells in situ in the testis of the male 
avian (e.g., by in vivo transfection or transduction). The second, in vitro, method of 
incorporating heterologous genetic material into the genome of an avian involves isolating 
male germ cells ex corpora, delivering a polynucleotide thereto and then returning the 
transfected cells to the testes of a recipient male bird. 
[049] In vivo method 

[050] The in vivo method employs injection of the gene delivery mixture, 

preferably into the seminiferous tubules, or into the pete testis, and most preferably into the 
vas efferens or vasa efferentia, using, for example, a micropipette and a picopump 
delivering a precise measured volume under controlled amounts of pressure. A small 
amount of a suitable, non-toxic dye can be added to the gene delivery mixture (fluid) to 
confirm delivery and dissemination to the seminiferous tubules of the testis. The 
genetically modified germ cells differentiate in their own milieu. Progeny animals 
exhibiting the nucleic acid's integration into its germ cells (transgenic animals) are selected. 
The selected progeny can then be mated, or their sperm utilized for insemination or in vitro 
fertilization to produce further generations of transgenic progeny. 
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[051] In vitro method 

[052] Male germ cells are obtained or collected from the donor male bird by any 

means known in the art such as, for example, transection of the testes. The germ cells are 
then exposed to a gene delivery mixture, preferably within several hours, or cryopreserved 
for later use. When the male germ cells are obtained from the donor vertebrate by 
transection of the testes, the cells can be incubated in an enzyme mixture known for gently 
breaking up the tissue matrix and releasing undamaged cells such as, for example, 
pancreatic trypsin, collagenase type I, pancreatic DNAse type I, as well as bovine serum 
albumin and a modified DMEM medium. After washing the cells, they can be placed in an 
incubation medium such as DMEM, and the like, and plated on a culture dish for genetic 
modification by exposure to a gene delivery mixture. 

[053] Whether employed in the in vivo method or in vitro method, the gene delivery 

mixture, once in contact with the male germ cells, facilitates the uptake and transport of 
heterologous genetic material into the appropriate cell location for integration into the 
genome and expression. A number of known gene delivery methods can be used for the 
uptake of nucleic acid sequences into the cell. Such methods include, but are not limited to 
viral vectors, liposomes, electroporation and Restriction Enzyme Mediated Integration 
(REMI) (discussed below). In both the in vivo or in vitro method, a gene delivery mixture 
typically comprises a polynucleotide encoding the desired trait or product (for example, 
immunoglobulin polypeptides) and a suitable promoter sequence such as, for example, a 
tissue-specific promoter, an IRES or the like and optionally agents that increase the uptake 
of or comprise the polynucleotide sequence, such as liposomes, retroviral vectors, 
adenoviral vectors, adenovirus enhanced gene delivery systems and the like, or 
combinations thereof. A reporter construct, including a genetic selection marker, such as 
the gene encoding for Green Fluorescent Protein, can further be added to the gene delivery 
mixture. Targeting molecules, such as the c-kit ligand, can be added to the gene delivery 
mixture to enhance the transfer of genetic material into the male germ cell. An 
immunosuppressing agent, such as cyclosporin or a corticosteroid may also be added to the 
gene delivery mixture as known in the art. 

[054] Any of a number of commercially available gene delivery mixtures can be 

used, to which the polynucleotide encoding a desired trait or product is further admixed. 
The final gene delivery mixture comprising the polynucleotide can then be admixed with 
the cells and allowed to interact for a period of between about 2 hours to about 16 hours, at 
a temperature of between about 33°C to about 37°C. After this period, the cells are 
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preferably placed at a lower temperature of about 33 °C to about 34°C, for about 4 hours to 
about 20 hours, preferably about 16 to 18 hrs. 

[055] Isolating and/or selecting genetically transgenic germ cells (and transgenic 

somatic cells, and of transgenic vertebrates) is by any suitable means, such as, but not 
limited to, physiological and/or morphological phenotypes of interest using any suitable 
means, such as biochemical, enzymatic, immunochemical, histologic, electrophysiologic, 
biometric or like methods, and analysis of cellular nucleic acids, for example the presence 
or absence of specific DNAs or RNAs of interest using conventional molecular biological 
techniques, including hybridization analysis, nucleic acid amplification including, but not 
limited to, polymerase chain reaction, transcription-mediated amplification, reverse 
transcriptase-mediated ligase chain reaction, and/or electrophoretic technologies. 
[056] A preferred method of isolating or selecting male germ cell populations 

comprises obtaining specific male germ cell populations, such as spermatogonia, from a 
mixed population of testicular cells by extrusion of the cells from the seminiferous tubules 
and enzyme digestion. The spermatogonia, or other male germ cell populations, can be 
isolated from a mixed cell population by methods such as the utilization of a promoter 
sequence that is specifically or selectively active in cycling male germ line stem cell 
populations. Suitable promoters include B-Myb or a specific promoter, such as the c-kit 
promoter region, c-raf-1 promoter, ATM (ataxia-telangiectasia) promoter, vasa promoter, 
RBM (ribosome binding motif) promoter, DAZ (deleted in azoospermia) promoter, XRCC- 
1 promoter, HSP 90 (heat shock gene) promoter, cyclin Al promoter, or FRMI (from 
Fragile X site) promoter and the like. A selected promoter may be linked to a reporter 
construct, for example, a construct comprising a gene encoding Green Fluorescent Protein 
(or enhanced Green Fluorescent Protein, EGFP), Yellow Fluorescent Protein, Blue 
Fluorescent Protein, a phycobiliprotein, such as phycoerythrin or phycocyanin, or any other 
protein which fluoresces under suitable wave-lengths of light, or encoding a light-emitting 
protein, such as luciferase or apoaequorin. The unique promoter sequences drive the 
expression of the reporter construct only during specific stages of male germ cell 
development (e.g., Mailer et al, 1999, J. Biol. Chem. 276(16):1 1220-28; Schrans-Stassen 
et al, 1999, Endocrinology 140: 5894-5900, incorporated herein by reference in their 
entireties). In the case of a fluorescent reporter construct, the cells can be sorted with the 
aid of, for example, a FACS set at the appropriate wavelength(s), or they can be selected by 
chemical methods. 
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[057] Male germ cells that have the DNA modified in the desired manner are 

isolated or selected, and transferred to the testis of a suitable recipient animal. Further 
selection can be attempted after biopsy of one or both of the recipient male's testes, or after 
examination of the animal's ejaculate amplified by the polymerase chain reaction to 
confirm that the desired nucleic acid sequence had been incorporated. 
[058] The genetically modified germ cells isolated or selected as described above 

are preferably transferred to a testis of a recipient male avian, preferably a chicken, that can 
be, but need not be, the same donor animal. Before transferring the genetically modified 
male germ cells to the recipient animal, the testes of the recipient can be depopulated of 
endogenous germ cells, thereby facilitating the colonization of the recipient testis by the 
genetically modified germ cells, by any suitable means, including by gamma irradiation, by 
chemical treatment, by means of infectious agents such as viruses, or by autoimmune 
depletion or by combinations thereof, preferably by a combined treatment of the vertebrate 
with an alkylating agent and gamma irradiation. 

[059] The basic rigid architecture of the gonad should not be destroyed, nor 

significantly damaged. Disruption of tubules may lead to impaired transport of testicular 
sperm and result in infertility. Sertoli cells should not be irreversibly damaged, as they 
provide a base for development of the germ cells during maturation, and for preventing the 
host immune defense system from destroying grafted foreign spermatogonia. 
[060] In a preferred method, a cytotoxic alkylating agent, such as, but not limited 

to, bisulfan (1,4-butanediol dimethanesulphonate), chlorambucil, cyclophosphamide, 
melphalan, or ethyl ethanesulfonic acid, is combined with gamma irradiation, to be 
administered in either sequence. The dose of the alkylating agent and the dose of gamma 
radiation are in an amount sufficient to substantially depopulate the testis. The alkylating 
agent can be administered by any pharmaceutically acceptable delivery system, including 
but not limited to, intraperitoneal, intravenous, or intramuscular injection, intravenous drip, 
implant, transdermal or transmucosal delivery systems. 

[061] The isolated or selected genetically modified germ cells are transferred into 

the recipient testis by direct injection using a suitable micropipette. Support cells, such as 
Leydig or Sertoli cells, that can be unmodified or genetically modified, can be transferred to 
a recipient testis along with the modified germ cells. 

[062] A union of male and female gametes to form a transgenic zygote is brought 

about by copulation of the male and female vertebrates of the same species, or by in vitro or 
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in vivo artificial means. If artificial means are chosen, then incorporating into the genome a 
genetic selection marker that is expressed in male germ cells is particularly useful. 
[063] Suitable artificial means include, but are not limited to, artificial 

insemination, in vitro fertilization (IVF) and/or other artificial reproductive technologies, 
such as intracytoplasmic sperm injection (ICSI), subzonal insemination (SUZI), or partial 
zona dissection (PZD). Also others, such as cloning and embryo transfer, cloning and 
embryo splitting, and the like, can be employed. 

[064] The transgenic vertebrate progeny can, in turn, be bred by natural mating, 

artificial insemination, or by in vitro fertilization (IVF) and/or other artificial reproductive 
technologies, such as intracytoplasmic sperm injection (ICSI) and chicken intracytoplasmic 
sperm injection (CHICSF M ), subzonal insemination (SUZI), or partial zona dissection 
(PZD), to obtain further generations of transgenic progeny. Although the genetic material 
is originally inserted solely into the germ cells of a parent animal, it will ultimately be 
present in the germ cells of future progeny and subsequent generations thereof. In addition, 
the genetic material will also be present in cells of the progeny other than germ cells, i.e., 
somatic cells. 

5 1 7 GENERATION OF TRANSGENIC AVIAN ZYGOTES BY 
RESTRICTION ENZYME-MEDIATED INTEGRATION 
(REMI) 

[065] The REMI method for stably integrating heterologous DNA into the genomic 

DNA of a recipient cell is described by Shemesh et al. in PCT Publication No. WO 
99/42569 and incorporated herein by reference in its entirety. This REMI method 
comprises in part an adaptation of the REMI technique disclosed by Schiest and Petes 
(1991, Proc. Nat. Acad. Sci. U.S.A. 88: 7585-7589) and Kuspa and Loomis (1992, Proc. 
Nat. Acad. Sci. U.S.A., 89: 8803-8807), both incorporated herein by reference in their 
entireties. 

[066] The REMI method is suitable for introducing heterologous DNA into the 

genome nucleic acid of sperm and sperm precursor cells, or ovum, embryonic cell, or 
somatic cell of an animal, preferably an avian, more preferably a chicken. 
[067] The heterologous nucleic acid to be integrated into, for example, the sperm 

nuclear DNA is converted to a linear double stranded DNA possessing single-stranded 
cohesive ends by contacting the heterologous DNA with a type II restriction enzyme that 
upon scission, generates such ends. The nucleic acid to be cut can be a circular nucleic acid 
such as in a plasmid or a viral vector or a linear nucleic acid that possesses at least one 
recognition and cutting site outside of the genes or regulatory regions critical to the desired 
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post-integration function of the nucleic acid, and no recognition and cutting sites within the 
critical regions. 

[068] Alternatively, the heterologous DNA to be integrated into the sperm nuclear 

DNA can be prepared by chemically and/or enzymatically adding cohesive ends to a linear 
DNA (see, for example Sambrook et al, Molecular Cloning: A Laboratory Manual 3rd ed., 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York (2001) incorporated herein 
by reference in its entirety). The added cohesive ends must be able to hybridize to the 
cohesive ends characteristic of a nucleic acid cleaved by a type II restriction endonuclease. 
Alternatively, the cohesive ends can be added by combining the methods based on type II 
restriction enzyme cutting and chemical and / or enzymatic addition. 
[069] According to the present invention, a heterologous nucleic acid encoding at 

least one polypeptide, and the appropriate restriction enzyme can be introduced into sperm 
cells together or sequentially by way of, for example, electroporation, or lipofection. 
Preferably electroporation may be used, and most preferably lipofection is used. However, 
the present invention contemplates that any technique capable of transferring heterologous 
material into sperm could be used so long as the technique preserves enough of the sperm's 
motility and fertilization functions, such that the resultant sperm will be able to fertilize the 
appropriate oocytes. It is understood that the heterologous nucleic acid may be integrated 
into the genome of a recipient cell such as a spermatogonial cell or a spermatogonial 
precursor cell for subsequent transfer to an embryo or the testicular material of the recipient 
male animal, preferably a chicken. It is further understood that the heterologous nucleic 
acid may not be integrated into the genome of the recipient cell. 

[070] The combination of REMI as described in the present application, plus a 

relatively benign method of transferring heterologous material into a cell may result in 

heterologous nucleic acid being stably integrated into genomic DNA of a high fraction of 

the treated sperm, while not diminishing to any great extent, the viability of the sperm or 

their ability to fertilize oocytes. Examples of suitable methods for the introduction of the 

genetically modified sperm, spermatogonial cells or precuror spermatogonial cells into a 

recipient avian, preferably a chicken, are as described above. 

5.1,8 BREEDING AND MAINTENANCE OF TRANSGENIC 
AVIANS 

[071] A union of male and female gametes from transgenic birds generated by the 

cytoplasmically microinjected embryos, thereby forming a transgenic zygote, is brought 
about by copulation of the male and female vertebrates of the same species, or by in vitro or 
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in vivo artificial means. Suitable artificial means include, but are not limited to, artificial 
insemination, in vitro fertilization (IVF) and/or other artificial reproductive technologies, 
such as intracytoplasmic sperm injection (ICSI), subzonal insemination (SUZI), or partial 
zona dissection (PZD). Also others, such as cloning and embryo transfer, cloning and 
embryo splitting, and the like, can be employed. 

[072] The transgenic avian progeny can, in turn, be bred by natural mating, 

artificial insemination, or by in vitro fertilization (TVF) and/or other artificial reproductive 
technologies, such as intracytoplasmic sperm injection (ICSI) and chicken intracytoplasmic 
sperm injection (CHICSI™), subzonal insemination (SUZI), or partial zona dissection 
(PZD), to obtain further generations of transgenic progeny. 

[073] Using the methods of the invention for producing transgenic avians, 

particularly methods using vectors that are not derived from eukaryotic viruses, and, 
preferably, the methods of cytoplasmic micro-injection described herein, the level of 
mosaicism of the transgene (percentage of cells containing the transgene) in avians hatched 
from microinjected embryos (i.e., the G 0 s) is greater than 5%, 10%, 25%, 50%, 75% or 
90%, or is the equivalent of one copy per one genome, two genomes, five genomes, seven 
genomes or eight genomes, as determined by any number of techniques known in the art 
and described infra. In additional particular embodiments, the percentage of G 0 s that 
transmit the transgene to progeny (G,s) is greater than 5%, preferably, greater than 10%, 
20%, 30%, 40%, and, most preferably, greater than 50%, 60%, 70%, 80%, 90%. In other 
embodiments, the transgene is detected in 10%, 20%, 30%, 40%, and most preferably, 
greater than 50%, 60%, 70%, 80%, 90% of chicks hatching from embryos into which 
nucleic acids have been introduced using methods of the invention. 
5.2 VECTORS 

[074] A variety of vectors useful in carrying out the methods of the present 

invention are described herein. These vectors may be used for stable introduction of a 
selected heterologous polypeptide-coding sequence (and/or regulatory sequences) into the 
genome of an avian, in particular, to generate transgenic avians that produce exogenous 
proteins in specific tissues of an avian, and in the oviduct in particular, or in the serum of an 
avian. In still further embodiments, the vectors are used in methods to produce avian eggs 
containing exogenous protein. 

[075] In particular embodiments, preferably for use in the microinjection, sperm- 

mediated transgenesis, and nuclear transfer methods described herein, the vectors of the 
invention are not derived from eukaryotic viral vectors or retroviral vectors (except in 
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certain embodiments for containing eukaryotic viral regulatory elements such as promoters, 
origins of replication, etc). In particular embodiments, the vector is not an REV, ALV or 
MuLV vector. In particular, useful vectors include, bacteriophages such as lambda 
derivatives, such as Xgtl 1, Xgt WES.tB, Charon 4, and plasmid vectors such as pBR322, 
pBR325, pACYC177, pACYC184, pUC8, pUC9, pUC18, pUC19, pLG339, pR290, 
pKC37, pKClOl, SV40, pBluescript® II SK +/- or KS +/- (see "Stratagene Cloning 
Systems" Catalog (1993) from STRATAGENE®, La Jolla, Calif, which is hereby 
incorporated by reference), pQE, pIH821, pGEX, pET series (see Studier, F.W. et. ah, 
1990, "Use of T7 RNA Polymerase to Direct Expression of Cloned Genes" Gene 
Expression Technology 185, which is hereby incorporated by reference) and any derivatives 
thereof, cosmid vectors and, in preferred embodiments, artificial chromosomes, such as, but 
not limited to, YACs, BACs, BBPACs or PACs. Such artificial chromosomes are useful in 
that a large nucleic acid insert can be propagated and introduced into the avian cell. 
[076] In other particular embodiments, as detailed above in section 5.2, infra, the 

vectors of the invention are derived from eukaryotic viruses, preferably avian viruses, and 
can be replication competent or, preferably, replication deficient. In particular 
embodiments, the vectors are derived from REV, ALV or MuLV. Nucleic acid sequences 
or derivatives or truncated variants thereof, may be introduced into viruses such as vaccinia 
virus. Methods for making a viral recombinant vector useful for expressing a protein under 
the control of the lysozyme promoter are analogous to the methods disclosed in U.S. Patent 
Nos. 4,603,112; 4,769,330; 5,174,993; 5,505,941; 5,338,683; 5,494,807; 4,722,848; 
Paoletti, E, 1996, Proc. Natl. Acad. Sci. 93: 11349-11353; Moss, 1996, Proc. Natl. Acad. 
Sci. 93: 11341-11348; Roizman, 1996, Proc. Natl. Acad. Sci. 93: 11307-11302; Frolov et 
at., 1996, Proc. Natl. Acad. Sci. 93: 1 1371-11377; Grunhaus et ah, 1993, Seminars in 
Virology 3: 237-252 and U.S. Patent Nos. 5,591,639; 5,589,466; and 5,580,859 relating to 
DNA expression vectors, inter alia; the contents of which are incorporated herein by 
reference in their entireties. 

[077] Recombinant viruses can also be generated by transfection of plasmids into 

cells infected with virus. 

[078] Preferably, vectors can replicate (i. e., have a bacterial origin of replication) 

and be manipulated in bacteria (or yeast) and can then be introduced into avian cells. 
Preferably, the vector comprises a marker that is selectable and/or detectable in bacteria or 
yeast cells and, preferably, also in avian cells, such markers include, but are not limited to, 
Amp r , tet r , LacZ, etc. Preferably, such vectors can accommodate {i.e., can be used to 
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introduce into cells and replicate) large pieces of DNA such as genomic sequences, for 
example, large pieces of DNA consisting of at least 25 kb, 50 kb, 75 kb, 100 kb, 150 kb, 
200 kb or 250 kb, such as BACs, YACs, cosmids, etc. 

[079] The insertion of a DNA fragment into a vector can, for example, be 

accomplished by ligating the DNA fragment into a vector that has complementary cohesive 
termini. However, if the complementary restriction sites used to fragment the DNA are not 
present in the vector, the ends of the DNA molecules may be enzymatically modified. 
Alternatively, any site desired may be produced by ligating nucleotide sequences (linkers) 
onto the DNA termini; these ligated linkers may comprise specific chemically synthesized 
oligonucleotides encoding restriction endonuclease recognition sequences. In an alternative 
method, the cleaved vector and the transgene may be modified by homopolymeric tailing. 
[080] The vector can be cloned using methods known in the art, e.g.,\>y the methods 

disclosed in Sambrook et al, 2001, Molecular Cloning, A Laboratory Manual, Third 
Edition, Cold Spring Harbor Laboratory Press, N.Y.; Ausubel et al, 1989, Current 
Protocols in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y., 
both of which are hereby incorporated by reference in their entireties. Preferably, the 
vectors contain cloning sites, for example, restriction enzyme sites that are unique in the 
sequence of the vector and insertion of a sequence at that site would not disrupt an essential 
vector function, such as replication. 

[081] As discussed above, vectors used in certain methods of the invention 

preferably can accommodate, and in certain embodiments comprise, large pieces of 
heterologous DNA such as genomic sequences, particularly avian genomic sequences. 
Such vectors can contain an entire genomic locus, or at least sufficient sequence to confer 
endogenous regulatory expression pattern, e.g., high level of expression in the magnum 
characteristic of lysozyme, ovalbumin, ovomucoid, ovotransferrin, etc, and to insulate the 
expression of the transgene sequences from the effect of regulatory sequences surrounding 
the site of integration of the transgene in the genome. Accordingly, as detailed below, in 
preferred embodiments, the transgene is inserted in an entire genomic loci or significant 
portion thereof. 

[082] To manipulate large genomic sequences contained in, for example, a BAC, 

nucleotide sequences coding for the heterologous protein to be expressed and/or other 
regulatory elements may be inserted into the BAC by directed homologous recombination 
in bacteria, e.g., the methods of Heintz WO 98/59060; Heintz et al, WO 01/05962; Yang 
et al, 1997, Nature Biotechnol. 15: 859-865; Yang et al, 1999, Nature Genetics 22: 327- 
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35; which are incorporated herein by reference in their entireties. Alternatively, large 
genomic sequences can be inserted into a vector using RecA- Assisted Restriction 
Endonuclease (RARE cleavage) as described by Ferrin (2001, Mol Biotechnology 18:233- 
241), herein incorporated by reference in its entirety. 

[083] In a preferred embodiment, an avian BAC library is screened for the presence 

of a complete genomic locus for ovomucoid, ovalbumin, conalbumin, lysozyme, or 
ovotransferrin, or any other gene that may be expressed in a specific tissue of interest, such 
as the magnum. Chicken BAC libraries with redundant coverage of the chicken genome 
have been described by Crooijmans et al. (2000, Mamm Genome 1 1 :360-363) and Kato et 
al. (2002, Poult Sci 81:1501-1508), and Zimmer et al. (1997, Genomics 42:217-226), the 
disclosure of which are incorporate herein by reference in their entireties. Once the desired 
BAC clone is obtained, it can be further manipulated using standard cloning techniques to 
create an expression vector with desired attributes. An example of a BAC clone containing 
the entire ovoinhibitor and ovomucoid genes is OMC24 (SEQ ID NO:42) is described in 
Example 36. OMC24 contains full-length ovoinibitor and ovomucoid genes. An IRES- 
cDNA cassette comprising nucleic acids which encode a heterologous polypeptide is 
inserted downstream of the ovomucoid coding sequence, preferably in the sequence coding 
for the 3'-UTR of the ovomucoid mRNA. 

[084] Alternatively, the BAC can also be engineered or modified by "E-T cloning," 

as described by Muyrers et al. (1999, Nucleic Acids Res. 27(6): 1555-57, incorporated 
herein by reference in its entirety). Using these methods, specific DNA may be engineered 
into a BAC independently of the presence of suitable restriction sites. This method is based 
on homologous recombination mediated by the recE and recT proteins ("ET-cloning") 
(Zhang et al, 1998, Nat. Genet. 20(2): 123-28; incorporated herein by reference in its 
entirety). Homologous recombination can be performed between a PCR fragment flanked 
by short homology arms and an endogenous intact recipient such as a BAC. Using this 
method, homologous recombination is not limited by the disposition of restriction 
endonuclease cleavage sites or the size of the target DNA. A BAC can be modified in its 
host strain using a plasmid, e.g., pBAD-oj3% in which recE and recT have been replaced by 
their respective functional counterparts of phage lambda (Muyrers et al, 1999, Nucleic 
Acids Res. 27(6): 1555-57). Preferably, a BAC is modified by recombination with a PCR 
product containing homology arms ranging from 27-60 bp. In a specific embodiment, 
homology arms are 50 bp in length. 
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[085] In another embodiment, a transgene is inserted into a yeast artificial 

chromosome (YAC) (Burke et al, 1987, Science 236: 806-12; and Peterson et al, 1997, 
Trends Genet. 13:61, both of which are incorporated by reference herein in their entireties). 
[086] In other embodiments, the transgene is inserted into another vector developed 

for the cloning of large segments of genomic DNA, such as a cosmid or bacteriophage PI 
(Sternberg et al, 1990, Proc. Natl Acad. Sci. USA 87: 103-07). The approximate 
maximum insert size is 30-35 kb for cosmids and 100 kb for bacteriophage PI . In another 
embodiment, the transgene is inserted into a P-l derived artificial chromosome (PAC) 
(Mejia et al, 1997, Genome Res 7:179-186). The maximum insert size is 300 kb. 
[087] Vectors containing the appropriate heterologous sequences may be identified 

by any method well known in the art, for example, by sequencing, restriction mapping, 
hybridization, PCR amplification, etc. In a preferred method with avian BAC libraries, 
multi-dimensional PCR screening is performed (see Crooijmans et al., 2000, Mamm 
Genome 11:360-363; Kato et al., 2002, Poult Sci 81:1501-1508). 
[088] The vectors of the invention comprise one or more nucleotide sequences 

encoding a heterologous protein desired to be expressed in the transgenic avian, as well as 
regulatory elements such as promoters, enhancers, MARs, IRES's and other translation 
control elements, transcriptional termination elements, polyadenylation sequences, etc, as 
discussed infra. In particular embodiments, the vector of the invention contains at least two 
nucleotide sequences coding for heterologous proteins, for example, but not limited to, the 
heavy and light chains of an immunoglobulin. 

[089] In a preferred embodiment, the nucleotide sequence encoding the 

heterologous protein is inserted into all or a significant portion of a nucleic acid containing 
the genomic sequence of an endogenous avian gene, preferably an avian gene that is 
expressed in the magnum, e.g., lysozyme, ovalbumin, ovomucoid, conalbumin, 
ovotransferrin, etc. For example, the heterologous gene sequence may be inserted into or 
replace a portion of the 3' untranslated region (UTR) or 5' untranslated region (UTR) or an 
intron sequence of the endogenous gene genomic sequence. Preferably, the heterologous 
gene coding sequence has its own IRES. For descriptions of IRESes, see, e.g., Jackson et 
al, 1990, Trends Biochem Sci. 15(12):477-83; Jang et al, 1988,7. Virol. 62(8):2636-43; 
Jang et al, 1990, Enzyme 44(l-4):292-309; and Martinez-Salas, 1999, Curr. Opin. 
Biotechnol. 10(5):458-64; Palmenberg et al., United States Patent No. 4,937,190, which are 
incorporated by reference herein in their entireties. In another embodiment, the 
heterologous protein coding sequence is inserted at the 3' end of the endogenous gene 
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coding sequence. In another preferred embodiment, the heterologous gene coding 
sequences are inserted using 5' direct fusion wherein the heterologous gene coding 
sequences are inserted in-frame adjacent to the initial ATG sequence (or adjacent the 
nucleotide sequence encoding the first two, three, four, five, six, seven or eight amino 
acids) of the endogenous gene or replacing some or all of the sequence of the endogenous 
gene coding sequence. In yet another specific embodiment, the heterologous gene coding 
sequence is inserted into a separate cistron in the 5' region of the endogenous gene genomic 
sequence and has an independent IRES sequence. A preferred IRES sequence is the IRES 
from encephalomyocarditis virus (EMCV) IRES (Mountford et al., 1994, Proc Natl Acad 
Sci USA 91:4303-4307). Representative IRES-cDNA cassettes utilizing the EMCV IRES 
are provided in SEQ ID NOs. 47 and 48. 

[090] The present invention further relates to nucleic acid vectors (preferably, not 

derived from eukaryotic viruses, except, in certain embodiments, for eukaryotic viral 
promoters and/or enhancers) and transgenes inserted therein that incorporate multiple 
polypeptide-encoding regions, wherein a first polypeptide-encoding region is operatively 
linked to a transcription promoter and a second polypeptide-encoding region is operatively 
linked to an IRES. For example, the vector may contain coding sequences for two different 
heterologous proteins (e.g., the heavy and light chains of an immunoglobulin) or the coding 
sequences for all or a significant part of the genomic sequence for the gene from which the 
promoter driving expression of the transgene is derived, and the heterologous protein 
desired to be expressed (e.g., a construct containing the genomic coding sequences, 
including introns, of the avian lysozyme gene when the avian lysozyme promoter is used to 
drive expression of the transgene, an IRES, and the coding sequence for the heterologous 
protein desired to be expressed downstream (i.e., 3' on the RNA transcript of the IRES)). 
Thus, in certain embodiments, the nucleic acid encoding the heterologous protein is 
introduced into the 5' untranslated or 3' untranslated regions of an endogenous gene, such 
as but not limited to, lysozyme, ovalbumin, ovotransferrin, and ovomucoid, with an IRES 
sequence directing translation of the heterologous sequence. 

[091] Such nucleic acid constructs, when inserted into the genome of a bird and 

expressed therein, will generate individual polypeptides that may be post-translationally 
modified, for example, glycosylated or, in certain embodiments, form complexes, such as 
heterodimers with each other in the white of the avian egg. Alternatively, the expressed 
polypeptides may be isolated from an avian egg and combined in vitro, or expressed in a 
non-reproductive tissue such as serum. In other embodiments, for example, but not limited 
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to, when expression of both heavy and light chains of an antibody is desired, two separate 
constructs, each containing a coding sequence for one of the heterologous proteins operably 
linked to a promoter (either the same or different promoters), are introduced by 
microinjection into cytoplasm of one or more embryonic cells and transgenic avians 
harboring both transgenes in their genomes and expressing both heterologous proteins are 
identified. Alternatively, two transgenic avians each containing one of the two 
heterologous proteins (e.g., one transgenic avian having a transgene encoding the light 
chain of an antibody and a second transgenic avian having a transgene encoding the heavy 
chain of the antibody) can be bred to obtain an avian containing both transgenes in its 
germline and expressing both transgene encoded proteins, preferably in eggs. 
[092] Recombinant expression vectors can be designed for the expression of the 

encoded proteins in eukaryotic cells. Useful vectors may comprise constitutive or inducible 
promoters to direct expression of either fusion or non-fusion proteins. With fusion vectors, 
a number of amino acids are usually added to the expressed target gene sequence such as, 
but not limited to, a protein sequence for thioredoxin, a polyhistidine, or any other amino 
acid sequence that facilitates purification of the expressed protein. A proteolytic cleavage 
site may further be introduced at a site between the target recombinant protein and the 
fusion sequence. Additionally, a region of amino acids such as a polymeric histidine region 
may be introduced to allow binding of the fusion protein to metallic ions such as nickel 
bonded to a solid support, and thereby allow purification of the fusion protein. Once the 
fusion protein has been purified, the cleavage site allows the target recombinant protein to 
be separated from the fusion sequence. Enzymes suitable for use in cleaving the proteolytic 
cleavage site include, but are not limited to, Factor Xa and thrombin. Fusion expression 
vectors that may be useful in the present invention include pGex (AMRAD® Corp., 
Melbourne, Australia), pRIT5 (PHARMACIA®, Piscataway, NJ) and pMAL (NEW 
ENGLAND BIOLABS®, Beverly, MA), fusing glutathione S-transferase, protein A, or 
maltose E binding protein, respectively, to the target recombinant protein. 
[093] Once a promoter and a nucleic acid encoding a heterologous protein of the 

present invention have been cloned into a vector system, it is ready to be incorporated into a 
host cell. Such incorporation can be carried out by the various forms of transformation 
noted above, depending upon the vector/host cell system. It is contemplated that the 
incorporation of the DNA of the present invention into a recipient cell may be by any 
suitable method such as, but not limited to, viral transfer, electroporation, gene gun 
insertion, sperm-mediated transfer to an ovum, microinjection and the like. Suitable host 
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cells include, but are not limited to, bacteria, virus, yeast, mammalian cells, and the like. In 
particular, the present invention contemplates the use of recipient avian cells, such as 
chicken cells or quail cells. 

[094] Another aspect of the present invention, therefore, is a method of expressing a 

heterologous polypeptide in a eukaryotic cell by transfecting an avian cell with a 
recombinant DNA comprising an avian tissue-specific promoter operably linked to a 
nucleic acid insert encoding a polypeptide and, optionally, a polyadenylation signal 
sequence, and culturing the transfected cell in a medium suitable for expression of the 
heterologous polypeptide under the control of the avian lysozyme gene expression control 
region. 

[095] Yet another aspect of the present invention is a eukaryotic cell transformed 

with an expression vector according to the present invention and described above. In one 
embodiment of the present invention, the transformed cell is a chicken oviduct cell and the 
nucleic acid insert comprises the chicken lysozyme gene expression control region, a 
nucleic acid insert encoding a human interferon oOb and codon optimized for expression in 
an avian cell, and an SV40 polyadenylation sequence. 

[096] In another embodiment, the transformed cell is a quail oviduct cell and the 

nucleic acid insert comprises the artificial avian promoter construct MDOT (SEQ ID 
NO.:l 1) operably linked to an interferon-encoding sequence, as described in Example 34 
below. 

[097] In yet another embodiment of the present invention, a quail oviduct cell is 

transfected with the nucleic acid insert comprising the MDOT artificial promoter construct 
operably linked to an erythropoietin (EPO)-encoding nucleic acid, wherein the transfected 
quail produces heterologous erythropoietin. 

5.2.1 PROMOTERS 
[098] The vectors of the invention contain promoters that function in avian cells, 

preferably, that are tissue-specific and, in preferred embodiments, direct expression in the 
magnum or serum or other tissue such that expressed proteins are deposited in eggs, more 
preferably, that are specific for expression in the magnum. Alternatively, the promoter 
directs expression of the protein in the serum of the transgenic avian. Introduction of the 
vectors of the invention, preferably, generate transgenics that express the heterologous 
protein in tubular gland cells where it is secreted into the oviduct lumen and deposited, e.g., 
into the white of an egg. In preferred embodiments, the promoter directs a level of 
expression of the heterologous protein in the egg white of eggs laid by G 0 and/or Gi chicks 

NY2- 1467792.1 

-50- 



Express Mail No. EV 335 857 168 US 
Attorney Docket No. 11106-033 

and/or their progeny that is greater than 5 ng, 10 ng, 50 ng, 100 ng, 250 ng, 500 ng, 750 ng, 
1 fig, 5 fig, 10 fig, 50 pig, 100 fig, 250 fig, 500 fig, or 750 fig, more preferably greater than 1 
mg, 2 mg, 5 mg, 10 mg, 20 mg, 50 mg, 100 mg, 200 mg, 500 mg, 700 mg, 1 gram, 2 grams, 
3 grams, 4 grams or 5 grams. Such levels of expression can be obtained using the 
promoters of the invention. 

[099] In preferred embodiments, the promoters of the invention are derived from 

genes that express proteins present in significant levels in the egg white and/or the serum. 
For example, the promoter comprises regions of an ovomucoid, ovalbumin, conalbumin, 
lysozyme or ovotransferrin promoter or any other promoter that directs expression of a gene 
in an avian, particularly in a specific tissue of interest, such as the magnum or in the serum. 
Alternatively, the promoter used in the expression vector may be derived from that of the 
lysozyme gene that is expressed in both the oviduct and macrophages. Portions of two or 
more of these, and other promoters that function in avians, may be combined to produce 
effective synthetic promoter. 

[0100] The promoter may optionally be a segment of the ovalbumin promoter region 

that is sufficiently large to direct expression of the coding sequence in the tubular gland 
cells. Other exemplary promoters include the promoter regions of the ovalbumin, lysozyme, 
ovomucoid, ovotransferrin or ovomucin genes (for example, but not limited to, as disclosed 
in co-pending United States Patent Application Nos. 09/922,549, filed August 3, 2001 and 
10/1 14,739, filed April 1, 2002, both entitled "Avian Lysozyme Promoter", by Rapp, and 
United States Patent Application No. 09/998,716, filed November 30, 2001, and PCT 
Publication No. WO 03/048364, both entitled "Ovomucoid Promoter and Methods of Use," 
by Harvey et al, all of which are incorporated by reference herein in their entireties). 
Alternatively, the promoter may be a promoter that is largely, but not entirely, specific to 
the magnum, such as the lysozyme promoter. Other suitable promoters may be artificial 
constructs such as a combination of nucleic acid regions derived from at least two avian 
gene promoters. One such embodiment of the present invention is the MDOT construct 
(SEQ ID NO: 11) comprising regions derived from the chicken ovomucin and 
ovotransferrin promoters, including but not limited to promoters altered, e.g., to increase 
expression, and inducible promoters, e.g., the tet r system. 

[0101] The ovalbumin gene encodes a 45 kD protein that is also specifically 

expressed in the tubular gland cells of the magnum of the oviduct (Beato, 1989, Cell 
56:335-344). Ovalbumin is the most abundant egg white protein, comprising over 50 
percent of the total protein produced by the tubular gland cells, or about 4 grams of protein 
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per large Grade A egg (Gilbert, "Egg albumen and its formation" in Physiology and 
Biochemistry of the Domestic Fowl, Bell and Freeman, eds., Academic Press, London, New 
York, pp. 1291-1329). The ovalbumin gene and over 20 kb of each flanking region have 
been cloned and analyzed (Lai et at., 1978, Proc. Natl. Acad. Sci. USA 75:2205-2209; 
Gannon et al, 1979, Nature 278:428-424; Roop et a/.,1980, Cell 19:63-68; and Royal et 
al, 1975, Nature 279:125-132). 

[0102] The ovalbumin gene responds to steroid hormones such as estrogen, 

glucocorticoids, and progesterone, which induce the accumulation of about 70,000 
ovalbumin mRNA transcripts per tubular gland cell in immature chicks and 100,000 
ovalbumin mRNA transcripts per tubular gland cell in the mature laying hen (Palmiter, 
1973, J. Biol. Chem. 248:8260-8270; Palmiter, 1975, Cell 4:189-197). The 5' flanking 
region contains four DNAse I-hypersensitive sites centered at -0.25, -0.8, -3.2, and -6.0 kb 
from the transcription start site. These sites are called HS-I, -II, -III, and -IV, respectively. 
Promoters of the invention may contain one, all, or a combination of HS-I, HS-II, HS-III 
and HS-IV. Hypersensitivity of HS-II and -III are estrogen-induced, supporting a role for 
these regions in hormone-induction of ovalbumin gene expression. 
[0103] HS-I and HS-II are both required for steroid induction of ovalbumin gene 

transcription, and a 1.4 kb portion of the 5' region that includes these elements is sufficient 
to drive steroid-dependent ovalbumin expression in explanted tubular gland cells (Sanders 
and McKnight, 1988, Biochemistry 27: 6550-6557). HS-I is termed the negative-response 
element ("NRE") because it contains several negative regulatory elements which repress 
ovalbumin expression in the absence of hormone (Haekers et al, 1995, Mol. Endo. 9:1113- 
1 126). Protein factors bind these elements, including some factors only found in oviduct 
nuclei suggesting a role in tissue-specific expression. HS-II is termed the steroid-dependent 
response element ("SDRE") because it is required to promote steroid induction of 
transcription. It binds a protein or protein complex known as Chirp-I. Chirp-I is induced 
by estrogen and turns over rapidly in the presence of cyclohexamide (Dean et al, 1996, 
Mol. Cell. Biol. 16:2015-2024). Experiments using an explanted tubular gland cell culture 
system defined an additional set of factors that bind SDRE in a steroid-dependent manner, 
including a NFfcB-like factor (Nordstrom et al, 1993, J. Biol Chem. 268:13193-13202; 
Schweers and Sanders, 1991,7. Biol Chem. 266: 10490-10497). 

[0104] Less is known about the function of HS-III and HS-IV. HS-III contains a 

functional estrogen response element, and confers estrogen inducibility to either the 
ovalbumin proximal promoter or a heterologous promoter when co-transfected into HeLa 
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cells with an estrogen receptor cDNA. These data imply that HS-III may play a functional 
role in the overall regulation of the ovalbumin gene. Little is known about the function of 
HS-IV, except that it does not contain a functional estrogen-response element (Kato et al, 
1992, Cell 68: 731-742). 

[0105] In an alternative embodiment of the invention, transgenes containing 

constitutive promoters are used, but the transgenes are engineered so that expression of the 
transgene effectively becomes magnum-specific. Thus, a method for producing an 
exogenous protein in an avian oviduct provided by the present invention involves 
generating a transgenic avian having two transgenes in its tubular gland cells. One 
transgene comprises a first coding sequence operably linked to a constitutive promoter. The 
second transgene comprises a second coding sequence that is operably linked to a magnum- 
specific promoter, where expression of the first coding sequence is either directly or 
indirectly dependent upon the cellular presence of the protein expressed by the second 
coding sequence. 

[0106] Additional promoters useful in the present invention include inducible 

promoters, such as the tet operator and the metallothionein promoter which can be induced 
by treatment with tetracycline and zinc ions, respectively (Gossen et ah, 1992, Proc. Natl. 
Acad. Sci. 89: 5547-5551 and Walden et al, 1987, Gene 61: 317-327; incorporated herein 
by reference in their entireties). 

[0107] Chicken lysozyme gene expression control region nucleic acid sequences: 

[0108] The chicken lysozyme gene is highly expressed in the myeloid lineage of 

hematopoietic cells, and in the tubular glands of the mature hen oviduct (Hauser et al, 
1981, Hematol. and Blood Transfusion 26: 175-178; Schutz et al., 1978, Cold Spring 
Harbor Symp. Quart. Biol. 42: 617-624) and is therefore a suitable candidate for an efficient 
promoter for heterologous protein production in transgenic animals. The regulatory region 
of the lysozyme locus extends over at least 12 kb of DNA 5' upstream of the transcription 
start site, and comprises a number of elements that have been individually isolated and 
characterized. The known elements include three enhancer sequences at about -6.1 kb, -3.9 
kb, and -2.7 kb (Grewal et al., 1992, Mol. Cell Biol. 12: 2339-2350; Bonifer et al, 1996, J. 
Mol Med. 74: 663-671), a hormone responsive element (Hecht et al, 1988, E.M.B.O. J. 7: 
2063-2073), a silencer element and a complex proximal promoter. The constituent 
elements of the lysozyme gene expression control region are identifiable as DNAase 1 
hypersensitive chromatin sites (DBS). They may be differentially exposed to nuclease 
digestion depending upon the differentiation stage of the cell. For example, in the 
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multipotent progenitor stage of myelomoncytic cell development, or in erythroblasts, the 
silencer element is a DHS. At the myeloblast stage, a transcription enchancer located -6.1 
kb upstream from the gene transcription start site is a DHS, while at the later monocytic 
stage another enhancer, at -2.7 kb becomes DNAase sensitive (Huber et al, 1995, DNA and 
Cell Biol. 14: 397-402). 

[0109] This invention also envisions the use of promoters other than the lysozyme 

promoter, including but not limited to, a cytomegalovirus promoter, an ovomucoid, 
conalbumin or ovotransferrin promoter or any other promoter that directs expression of a 
gene in an avian, particularly in a specific tissue of interest, such as the magnum. 
[01 1 0] One example of an ovomucoid promoter region is described in U.S. Patent 

Application Publication No. 2003/0126628, published July 3, 2003, by Harvey et al., which 
is incorporated herein by reference in its entirety. An approximately 10 kb region of the 
chicken genome lying between the 3' end of the ovoinhibitor gene and the 5' transcription 
start site of the ovomucoid gene was obtained by PCR amplification. The obtained 
sequence includes the ovoinhibitor gene 3' untranslated region (Scott et al, 1987, J. Biol. 
Chem. 262: 5899 -5909), a CRl-like element {Scott et al, 1987, Biochemistry 26: 
6831-6840; Genbank Accession No: Ml 7966), and a portion of the 5' untranslated region 
of the ovomucoid gene (Genbank Accession No: J00897; Lai et al, 1979, Cell 18:829-842. 
[0111] Another aspect of the methods of the present invention is the use of 

combinational promoters comprising an artificial nucleic acid construct having at least two 
regions wherein the regions are derived from at least two gene promoters, including but not 
limited to a lysozyme, ovomucoid, conalbumin or ovotransferrin promoter. In one 
embodiment of the present invention, the promoter may comprise a region of an avian 
ovomucoid promoter and a region of an avian oxotransfernn promoter, thereby generating a 
MDOT avian artificial promoter construct. The avian MDOT promoter construct of the 
present invention has the nucleic acid sequence SEQ ID NO: 1 1 and is illustrated in FIG. 
14. This promoter is useful for allowing expression of a heterologous protein in chicken 
oviduct cells and may be operably linked to any nucleic acid encoding a heterologous 
polypeptide of interest including, for example, a cytokine, growth hormone, growth factor, 
enzyme, structural protein or the like. 

5.2.2 MATRIX ATTACHMENT REGIONS 
[0112] In preferred embodiments of the invention, the vectors contain matrix 

attachment regions (MARs) that preferably flank the transgene sequences to reduce position 
effects on expression when integrated into the avian genome. In fact, 5' MARs and 3' 
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MARs (also referred to as "scaffold attachment regions" or SARs) have been identified in 
the outer boundaries of the chicken lysozyme locus (Phi- Van et al, 1988, E.M.B.O.J. 7: 
655-664; Phi-Van, L. and Startling, W.H., 1996, Biochem. 35: 10735-10742). Deletion of a 
1.32 kb or a 1.45 kb halves region, each comprising half of a 5' MAR, reduces positional 
variation in the level of transgene expression (Phi- Van and Startling, supra). 
[0113] The 5' matrix-associated region (5' MAR), located about -1 1.7 kb upstream 

of the chicken lysozyme transcription start site, can increase the level of gene expression by 
limiting the positional effects exerted against a transgene (Phi-Van et al, 1988, supra). At 
least one other MAR is located 3 ' downstream of the protein encoding region. Although 
MAR nucleic acid sequences are conserved, little cross-hybridization is seen, indicating 
significant overall sequence variation. However, MARs of different species can interact 
with the nucleomatrices of heterologous species, to the extent that the chicken lysozyme 
MAR can associate with the plant tobacco nucleomatrix as well as that of the chicken 
oviduct cells (Mlynarona et al., 1994, Cell 6: 417-426; von Kries et al, 1990, Nucleic Acids 
Res. 18: 3881-3885). 

[01 14] Gene expression must be considered not only from the perspective of cis- 

regulatory elements associated with a gene, and their interactions with trans-acting 
elements, but also with regard to the genetic environment in which they are located. 
Chromosomal positioning effects (CPEs), therefore, are the variations in levels of transgene 
expression associated with different locations of the transgene within the recipient genome. 
An important factor governing CPE upon the level of transgene expression is the chromatin 
structure around a transgene, and how it cooperates with the cis-regulatory elements. The 
cis-elements of the lysozyme locus are confined within a single chromatin domain (Bonifer 
et al, 1996, supra; Sippei et al, pgs. 133-147 in Eckstein F. & Lilley D.M.J, (eds), 
"Nucleic Acids and Molecular Biology", Vol. 3, 1989, Springer). 
[01 1 5] The lysozyme promoter region of chicken is active when transfected into 

mouse fibroblast cells and linked to a reporter gene such as the bacterial chloramphenicol 
acetyltransferase (CAT) gene. The promoter element is also effective when transiently 
transfected into chicken promacrophage cells. In each case, however, the presence of a 5 ' 
MAR element increased positional independency of the level of transcription (Stief et al, 
1989, Nature 341: 343-345; Sippei et al, pgs. 257 - 265 in Houdebine L.M. (ed), 
"Transgenic Animals: Generation and Use"). 

[01 1 6] The ability to direct the insertion of a transgene into a site in the genome of 

an animal where the positional effect is limited offers predictability of results during the 
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development of a desired transgenic animal, and increased yields of the expressed product. 
Sippel and Steif disclose, in U.S. Patent No. 5,731,178, which is incorporated by reference 
herein in its entirety, methods to increase the expression of genes introduced into eukaryotic 
cells by flanking a transcription unit with scaffold attachment elements, in particular the 5' 
MAR isolated from the chicken lysozyme gene. The transcription unit disclosed by Sippel 
and Steif was an artificial construct that combined only the -6.1 kb enhancer element and 
the proximal promoter element (base position -579 to +1 5) from the lysozyme gene. Other 
promoter associated elements were not included. However, although individual cis- 
regulatory elements have been isolated and sequenced, together with short regions flanking 
DNA, the entire nucleic acid sequence comprising the functional 5' upstream region of the 
lysozyme gene has not been determined in its entirety and therefore not employed as a 
functional promoter to allow expression of a heterologous transgene. 

[0117] Accordingly, vectors of the invention comprise MARs, preferably both 5 ' and 

3' MARs that flank the transgene, including the heterologous protein coding sequences and 

the regulatory sequences. 

5.2.3 NUCLEAR LOCALIZATION SIGNAL PEPTIDES 

[01 18] Targeting of the nucleic acids introduced into embryonic cells using methods 

of the invention may be enhanced by mixing the nucleic acid to be introduced with a 
nuclear localization signal (NLS) peptide prior to introduction, e.g., microinjection, of the 
nucleic acid. Nuclear localization signal (NLS) sequences are a class of short amino acid 
sequences which may be exploited for cellular import of linked cargo into a nucleus. The 
present invention envisions the use of any NLS peptide, including but not limited to, the 
NLS peptide of SV40 virus T-antigen. 

[0119] An NLS sequence of the invention is an amino acid sequence which mediates 

nuclear transport into the nucleus, wherein deletion of the NLS prevents nuclear transport. 
In particular embodiments, a NLS is a highly cationic peptide. The present invention 
envisions the use of any NLS sequence, including but not limited to, SV40 virus T-antigen. 
NLSs known in the art include, but are not limited to those discussed in Cokol et al, 2000, 
EMBO Reports, 1(5):411-415, Boulikas, T., 1993, Crit. Rev. Eukaryot. Gene Expr., 3:193- 
227, Collas, P. et al, 1996, Transgenic Research, 5: 451-458, Collas and Alestrom, 1997, 
Biochem. Cell Biol. 75: 633-640, Collas and Alestrom, 1998, Transgenic Resarch, 7: 303- 
309, Collas and Alestrom, 1996, Mol. Reprod. Devel, 45:431-438, all of which are 
incorporated by reference in their entireties. 
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5.2.4 CODON-OPTIMIZED GENE EXPRESSION 
[0120] Another aspect of the present invention provides nucleic acid sequences 

encoding heterologous polypeptides that are codon-optimized for expression in avian cells, 
and derivatives and fragments thereof. When a heterologous nucleic acid is to be delivered 
to a recipient cell for expression therein, the sequence of the nucleic acid sequence may be 
modified so that the codons are optimized for the codon usage of the recipient species. For 
example, if the heterologous nucleic acid is transfected into a recipient chicken cell, the 
sequence of the expressed nucleic acid insert is optimized for chicken codon usage. This 
may be determined from the codon usage of at least one, and preferably more than one, 
protein expressed in a chicken cell. For example, the codon usage may be determined from 
the nucleic acid sequences encoding the proteins ovalbumin, lysozyme, ovomucin and 
ovotransferrin of chicken. Briefly, the DNA sequence for the target protein may be 
optimized using the BACKTRANSLATE® program of the Wisconsin Package, version 9.1 
(Genetics Computer Group, Inc., Madison, WI) with a codon usage table compiled from the 
chicken (Gallus gallus) ovalbumin, lysozyme, ovomucoid, and ovotransferrin proteins. The 
template and primer oligonucleotides are then amplified, by any means known in the art, 
including but not limited to PCR with Pfu polymerase (STRATAGENE®, La Jolla CA). 
[0121] In one exemplary embodiment of a heterologous nucleic acid for use by the 

methods of the present invention, a nucleic acid insert encoding the human interferon oQb 
polypeptide optimized for codon-usage by the chicken is microinjected into the cytoplasm 
of a stage 1 embryo. Optimization of the sequence for codon usage is useful in elevating 
the level of translation in avian eggs. 

[0122] It is contemplated to be within the scope of the present invention for any 

nucleic acid encoding a polypeptide to be optimized for expression in avian cells. It is 
further contemplated that the codon usage may be optimized for a particular avian species 
used as a source of the host cells. In one embodiment of the present invention, the 
heterologous polypeptide is encoded using the codon-usage of a chicken. 

5.2.5 SPECIFIC VECTORS OF THE INVENTION 
[01 23] In a preferred embodiment, a transgene of the invention comprises a chicken, 

or other avian, lysozyme control region sequence which directs expression of the coding 
sequence within the transgene. A series of PCR amplifications of template chicken 
genomic DNA are used to isolate the gene expression control region of the chicken 
lysozyme locus. Two amplification reactions used the PCR primer sets 5pLMAR2 (5'- 
TGCCGCCTTCTTTGATATTC-3 ') (SEQ ID NO: 1) and LE-6.1kbrevl (5'- 
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TTGGTGGT AAGGCCTTTTTG-3 ' ) (SEQ ID NO: 2) (Set 1) and lys-6.1 (5'- 
CTGGC AAGCTGTC AAAAAC A-3 ' ) (SEQ ID NO: 3) and LysElRev (5'- 
CAGCTCACATCGTCCAAAGA-3 ') (SEQ ID NO: 4) (Set 2). The amplified PCR 
products were united as a contiguous isolated nucleic acid by a third PCR amplification step 
with the primers SEQ ID NOS: 1 and 4, as described in Example 6 below. 
[0124] The isolated PCR-amplified product, comprising about 12 kb of the nucleic 

acid region 5' upstream of the native chicken lysozyme gene locus, was cloned into the 
plasmid pCMV-LysSPIFNMM. pCMV-LysSPIFNMM comprises a modified nucleic acid 
insert encoding a human interferon o2b sequence and an S V40 polyadenylation signal 
sequence (SEQ ID NO: 8) 3 ' downstream of the interferon encoding nucleic acid. The 
sequence SEQ ID NO: 5 of the nucleic acid insert encoding human interferon o2b was in 
accordance with avian cell codon usage, as determined from the nucleotide sequences 
encoding chicken ovomucin, ovalbumin, ovotransferrin and lysozyme. 
[0125] The nucleic acid sequence (SEQ ID NO: 6) (GenBank Accession No. 

AF405538) of the insert inpAVUCR-A115.93.1.2 is shown in FIG. 1A-E. The modified 
human interferon t*2b encoding nucleotide sequence SEQ ID NO: 5 (GenBank Accession 
No. AF405539) and the novel chicken lysozyme gene expression control region SEQ ID 
NO: 7 (GenBank Accession No. AF405540), shown in FIGS. 2 and 3A-E respectively. A 
polyadenylation signal sequence that is suitable for operably linking to the polypeptide- 
encoding nucleic acid insert is the SV40 signal sequence SEQ ID NO: 8, as shown in FIG. 
4. 

[0126] The plasmid pAVUCR-Al 15.93.1.2 was restriction digested with enzyme 

Fsel to isolate a 15.4 kb DNA containing the lysozyme 5' matrix attachment region (MAR) 
and the -12.0 kb lysozyme promoter during the expression of the mterferon-encodmg insert, 
as described in Example 7, below. Plasmid pHIilys was restriction digested with Mlul and 
Xhol to isolate an approximately 6 kb nucleic acids, comprising the 3' lysozyme domain, 
the sequence of which (SEQ ID NO: 9) is shown in FIG. 5A-C. The 15.4 kb and 6 kb 
nucleic acids were ligated and the 21.4 kb nucleic acid comprising the nucleic acid 
sequence SEQ ID NO: 10 as shown in FIG. 6A-J was transformed into recipient STBL4 
cells as described in Example 7, below. 

[0127] The inclusion of the novel isolated avian lysozyme gene expression control 

region of the present invention upstream of a codon-optimized interferon-encoding 
sequence in pAVUCR-Al 15.93.1.2 allowed expression of the interferon polypeptide in 
avian cells transfected by cytoplasmic microinjection, as described in Examples 3 and 4, 
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below. The 3' lysozyme domain SEQ ID NO: 9, when operably linked downstream of a 
heterologous nucleic acid insert, also allows expression of the nucleic acid insert. For 
example, the nucleic acid insert may encode a heterologous polypeptide such as the o2b 
interferon encoded by the sequence SEQ ID NO: 5. 

[0128] It is further contemplated that any nucleic acid sequence encoding a 

polypeptide may be operably linked to the novel isolated avian lysozyme gene expression 
control region (SEQ ID NO: 7) and optionally operably linked to the 3' lysozyme domain 
SEQ ID NO. 9 so as to be expressed in a transfected avian cell. The plasmid construct 
pAVUCR-Al 15.93.1.2 when transfected into cultured quail oviduct cells, which were then 
incubated for about 72 hours. ELISA assays of the cultured media showed that the 
transfected cells synthesized a polypeptide detectable with anti-human interferon o£b 
antibodies. Plasmid construct pAVUCR-A2 12.89.2.1 andpAVUCR-A212.89.2.3 
transfected into chicken myelomonocytic HD1 1 cells yield detectable human o2b 
interferon, as described in Example 8 below, and shown in FIGS. 8-12. 
[0129] The isolated chicken lysozyme gene expression control region (SEQ ID NO: 

7) for use in the methods of the present invention comprises the nucleotide elements that are 
positioned 5' upstream of the lysozyme-encoding region of the native chicken lysozyme 
locus and which are necessary for the regulated expression of a downstream polypeptide- 
encoding nucleic acid. While not wishing to be bound by any one theory, the inclusion of 
at least one 5 ' MAR sequence of or reference element in the isolated control region may 
confer positional independence to a transfected gene operably linked to the novel lysozyme 
gene expression control region. 

[0130] The isolated lysozyme gene expression control region (SEQ ID NO: 7) of the 

present invention is useful for reducing the chromosomal positional effect of a transgene 
operably linked to the lysozyme gene expression control region and transfected into a 
recipient avian cell. By isolating a region of the avian genome extending from a point 5' 
upstream of a 5' MAR of the lysozyme locus to the junction between the signal peptide 
sequence and a polypeptide-encoding region, cis-regulatory elements are also included that 
may allow gene expression in a tissue-specific manner. The lysozyme promoter region of 
the present invention, therefore, will allow expression of an operably linked heterologous 
nucleic acid insert in a transfected avian cell such as, for example, an oviduct cell. 
[0131] It is further contemplated that a recombinant DNA of the present invention 

may further comprise the chicken lysozyme 3' domain (SEQ. ID NO: 9) linked downstream 
of the nucleic acid insert encoding a heterologous polypeptide. The lysozyme 3' domain 
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(SEQ ID NO: 9) includes a nucleic acid sequence encoding a 3' MAR domain that may 
cooperate with a 5' MAR to direct the insertion of the construct of the present invention 
into the chromosome of a transgenic avian, or may act independently of the 5' MAR. 
[0132] Fragments of a nucleic acid encoding a portion of the subj ect lysozyme gene 

expression control region may also be useful as an autonomous gene regulatory element 
that may itself be operably linked to a polypeptide-encoding nucleic acid. Alternatively, the 
fragment may be combined with fragments derived from other gene promoters, such as an 
avian ovalbumin or ovomucoid promoter, thereby generating novel promoters having new 
properties or a combination of properties. As used herein, a fragment of the nucleic acid 
encoding an active portion of a lysozyme gene expression control region refers to a 
nucleotide sequence having fewer nucleotides than the nucleotide sequence encoding the 
entire nucleic acid sequence of the lysozyme gene expression control region, but at least 
200 nucleotides. 

[0133] The present invention also contemplates the use of antisense nucleic acid 

molecules that are designed to be complementary to a coding strand of a nucleic acid (i.e., 
complementary to an endogenous DNA or an mRNA sequence) or, alternatively, 
complimentary to a 5' or 3' untranslated region of the mRNA and therefore useful for 
regulating the expression of a gene by an avian promoter, including lysozyme or ovomucoid 
promoters. 

[0134] Synthesized oligonucleotides can be produced in variable lengths when for 

example, non-naturally occurring polypeptide sequences are desired. The number of bases 
synthesized will depend upon a variety of factors, including the desired use for the probes 
or primers. Additionally, sense or anti-sense nucleic acids or oligonucleotides can be 
chemically synthesized using modified nucleotides to increase the biological stability of the 
molecule or of the binding complex formed between the anti-sense and sense nucleic acids. 
For example, acridine substituted nucleotides can be synthesized. Protocols for designing 
isolated nucleotides, nucleotide probes, and/or nucleotide primers are well-known to those 
of ordinary skill, and can be purchased commercially from a variety of sources {e.g., 
SIGMA GENOSYS®, The Woodlands, TX or The Great American Gene Co., Ramona, 
CA). 

5.2.6 RECOMBINANT EXPRESSION VECTORS 
[0135] A useful application of the novel promoters of the present invention, such as 

the avian lysozyme gene expression control region (SEQ ID NO: 7) or the MDOT promoter 
construct (SEQ ID NO: 1 1, Example 34, below) is the possibility of increasing the amount 
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of a heterologous protein present in a bird, especially a chicken, by gene transfer. In most 
instances, a heterologous polypeptide-encoding nucleic acid insert transferred into the 
recipient animal host will be operably linked with a gene expression control region to allow 
the cell to initiate and continue production of the genetic product protein. A recombinant 
DNA molecule of the present invention can be transferred into the extra-chromosomal or 
genomic DNA of the host. 

[0136] Expression of a foreign gene in an avian cell permits partial or complete post- 

translational modification such as, but not only, glycosylation, as shown, for example, in 
FIGS. 10-12, and/or the formation of the relevant inter- or intra-chain disulfide bonds. 
Examples of vectors useful for expression in the chicken Gallus gallus include pYepSecl 
(Baldari et al, 1987, E.M.B.O.J., 6: 229-234; incorporated herein by reference in its 
entirety) and pYES2 (INVITROGEN® Corp., San Diego, CA). 
[0137] The present invention contemplates that the injected cell may transiently 

contain the injected DNA, whereby the recombinant DNA or expression vector may not be 
integrated into the genomic nucleic acid. It is further contemplated that the injected 
recombinant DNA or expression vector may be stably integrated into the genomic DNA of 
the recipient cell, thereby replicating with the cell so that each daughter cell receives a copy 
of the injected nucleic acid. It is still further contemplated for the scope of the present 
invention to include a transgenic animal producing a heterologous protein expressed from 
an injected nucleic acid according to the present invention. 

[0138] Heterologous nucleic acid molecules can be delivered to cells using the 

cytoplasmic microinjection method or any other method of the present invention. The 
nucleic acid molecule may be inserted into a cell to which the nucleic acid molecule (or 
promoter coding region) is heterologous (i.e., not normally present). Alternatively, the 
recombinant DNA molecule may be introduced into cells which normally contain the 
recombinant DNA molecule or the particular coding region, as, for example, to correct a 
deficiency in the expression of a polypeptide, or where over-expression of the polypeptide 
is desired. 

[0139] Another aspect of the present invention, therefore, is a method of expressing a 

heterologous polypeptide in an avian cell by transfecting the avian cell with a selected 
heterologous nucleic acid comprising an avian promoter operably linked to a nucleic acid 
insert encoding a polypeptide and, optionally, a polyadenylation signal sequence. The 
transfected cell, which may be an avian embryonic cell microinjected with a heterologous 
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nucleic acid, will generate a transgenic embryo that after introduction into a recipient hen 
will be laid as a hard-shell egg and develop into a transgenic chick. 
[0140] In another embodiment of the present invention, the nucleic acid insert 

comprises the chicken lysozyme gene expression control region, a nucleic acid insert 
encoding a human interferon o2b and codon optimized for expression in an avian cell, and a 
chicken 3' domain, i.e., downstream enhancer elements. 

[0141] In one embodiment of the present invention, the transgenic animal is an avian 

selected from a turkey, duck, goose, quail, pheasant, ratite, and ornamental bird or a feral 
bird. In another embodiment, the avian is a chicken and the heterologous polypeptide 
produced under the transcriptional control of the avian promoter is produced in the white of 
an egg. In yet another embodiment of the present invention, the heterologous polypeptide is 
produced in the serum of a bird. 

5.3 HETEROLOGOUS PROTEINS PRODUCED BY TRANSGENIC 
AVIANS 

[0142] Methods of the present invention, providing for the production of 

heterologous protein in the avian oviduct (or other tissue leading to deposition of the protein 
into the egg) and the production of eggs containing heterologous protein, involve providing 
a suitable vector coding for the heterologous protein and introducing the vector into 
embryonic cells such as a single cell embryo such that the vector is integrated into the avian 
genome. A subsequent step involves deriving a mature transgenic avian from the transgenic 
embryonic cells produced in the previous steps by transferring the injected cell or cells into 
the infundibulum of a recipient hen; producing a hard shell egg from that hen; and allowing 
the egg to develop and hatch to produce a transgenic bird. 

[0143] A transgenic avian so produced from transgenic embryonic cells is known as 

a founder. Such founders may be mosaic for the transgene (in certain embodiments, the 
founder has 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 90%, 100% of the cells containing 
the transgene. The invention further provides production of heterologous proteins in other 
tissues of the transgenic avians. Some founders will carry the transgene in the tubular gland 
cells in the magnum of their oviducts. These birds will express the exogenous protein 
encoded by the transgene in their oviducts. If the exogenous protein contains the 
appropriate signal sequences, it will be secreted into the lumen of the oviduct and into the 
white of an egg. 

[0144] Some founders are germ-line founders. A germ-line founder is a founder that 

carries the transgene in genetic material of its germ-line tissue, and may also carry the 
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transgene in oviduct magnum tubular gland cells that express the exogenous protein. 
Therefore, in accordance with the invention, the transgenic bird may have tubular gland 
cells expressing the exogenous protein and the offspring of the transgenic bird will also 
have oviduct magnum tubular gland cells that express the exogenous protein. Alternatively, 
the offspring express a phenotype determined by expression of the exogenous gene in a 
specific tissue of the avian. In preferred embodiments, the heterologous proteins are 
produced from transgenic avians that were not (or the founder ancestors were not) using a 
eukaryotic viral vector, or a retroviral vector. 

[0145] The present invention can be used to express, in large yields and at low cost, 

a wide range of desired proteins including those used as human and animal 
pharmaceuticals, diagnostics, and livestock feed additives. Proteins such as growth 
hormones, cytokines, structural proteins and enzymes, including human growth hormone, 
interferon, lysozyme, and 0-casein, are examples of proteins that are desirably expressed in 
the oviduct and deposited in eggs according to the invention. Other possible proteins to be 
produced include, but are not limited to, albumin, a-1 antitrypsin, antithrombin m, 
collagen, factors VIII, IX, X (and the like), fibrinogen, hyaluronic acid, insulin, lactoferrin, 
protein C, erythropoietin (EPO), granulocyte colony-stimulating factor (G-CSF), 
granulocyte macrophage colony-stimulating factor (GM-CSF), tissue-type plasminogen 
activator (tPA), feed additive enzymes, somatotropin, and chymotrypsin. Immunoglobulins 
and genetically engineered antibodies, including immunotoxins that bind to surface antigens 
on human tumor cells and destroy them, can also be expressed for use as pharmaceuticals or 
diagnostics. It is contemplated that immunoglobulin polypeptides expressed in avian cells 
following transfection by the methods of the present invention may include monomeric 
heavy and light chains, single-chain antibodies or multimeric immunoglobulins comprising 
variable heavy and light chain regions, i.e., antigen-binding domains, or intact heavy and 
light immunoglobulin chains. 

5.3.1 PROTEIN RECOVERY 
[0146] The protein of the present invention may be produced in purified form by any 

known conventional technique. For example, chicken cells may be homogenized and 
centrifuged. The supernatant can then be subjected to sequential ammonium sulfate 
precipitation and heat treatment. The fraction containing the protein of the present 
invention is subjected to gel filtration in an appropriately sized dextran or polyacrylamide 
column to separate the proteins. If necessary, the protein fraction may be further purified 
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by HPLC. In another embodiment, an affinity column is used, wherein the protein is 
expressed with a tag. 

[0147] Accordingly, the invention provides proteins that are produced by transgenic 

avians of the invention. In a preferred embodiment, the protein is produced and isolated 
from an avian egg. In another embodiment, the protein is produced and isolated from avian 
serum. 

5.3.2 MULTIMERIC PROTEINS 
[0148] The invention, in preferred embodiments, provides methods for producing 

multimeric proteins, preferably immunoglobulins, such as antibodies, and antigen binding 
fragments thereof. 

[0149] In one embodiment of the present invention, the multimeric protein is an 

immunoglobulin, wherein the first and second heterologous polypeptides are an 
immunoglobulin heavy and light chains respectively. Illustrative examples of this and other 
aspects and embodiments of the present invention for the production of heterologous 
multimeric polypeptides in avian cells are fully disclosed in U.S. Patent Application No. 
09/877,374, filed June 8, 2001, by Rapp, which is incorporated herein by reference in its 
entirety. In one embodiment of the present invention, therefore, the multimeric protein is 
an immunoglobulin wherein the first and second heterologous polypeptides are an 
immunoglobulin heavy and light chain respectively. Accordingly, the invention provides 
immunoglobulin and other multimeric proteins that have been produced by transgenic 
avians of the invention. 

[0150] In the various embodiments of this aspect of the present invention, an 

immunoglobulin polypeptide encoded by the transcriptional unit of at least one expression 
vector may be an immunoglobulin heavy chain polypeptide comprising a variable region or 
a variant thereof, and may further comprise a D region, a J region, a C region, or a 
combination thereof. An immunoglobulin polypeptide encoded by the transcriptional unit 
of an expression vector may also be an immunoglobulin light chain polypeptide comprising 
a variable region or a variant thereof, and may further comprise a J region and a C region. 
It is also contemplated to be within the scope of the present invention for the 
immunoglobulin regions to be derived from the same animal species, or a mixture of 
species including, but not only, human, mouse, rat, rabbit and chicken. In preferred 
embodiments, the antibodies are human or humanized. 

[01 51 ] In other embodiments of the present invention, the immunoglobulin 

polypeptide encoded by the transcriptional unit of at least one expression vector comprises 
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an immunoglobulin heavy chain variable region, an immunoglobulin light chain variable 
region, and a linker peptide thereby forming a single-chain antibody capable of selectively 
binding an antigen. 

[0152] Another aspect of the present invention provides a method for the production 

in an avian of an heterologous protein capable of forming an antibody suitable for 
selectively binding an antigen comprising the step of producing a transgenic avian 
incorporating at least one transgene, wherein the transgene encodes at least one 
heterologous polypeptide selected from an immunoglobulin heavy chain variable region, an 
immunoglobulin heavy chain comprising a variable region and a constant region, an 
immunoglobulin light chain variable region, an immunoglobulin light chain comprising a 
variable region and a constant region, and a single-chain antibody comprising two peptide- 
linked immunoglobulin variable regions. Preferably, the antibody is expressed such that it 
is deposited in the white of the developing eggs of the avian. The hard shell avian eggs thus 
produced can be harvested and the heterologous polypeptide capable of forming or which 
formed an antibody can be isolated from the harvested egg. It is also understood that the 
heterologous polypeptides may also be expressed under the transcriptional control of 
promoters that allow for release of the polypeptides into the serum of the transgenic animal. 
Exemplary promoters for non-tissue specific production of a heterologous protein are the 
CMV promoter and the RSV promoter. 

[0153] In one embodiment of this method of the present invention, the transgene 

comprises a transcription unit encoding a first and a second immunoglobulin polypeptide 
operatively linked to a transcription promoter, a transcription terminator and, optionally, an 
internal ribosome entry site (IRES)(see, for example, U.S. Patent No. 4,937,190 to 
Palmenberg et al., the contents of which is incorporated herein by reference in its entirety). 
[0154] In an embodiment of this method of the present invention, the isolated 

heterologous protein is an antibody capable of selectively binding to an antigen. In this 
embodiment, the antibody may be generated within the serum of an avian or within the 
white of the avian egg by combining at least one immunoglobulin heavy chain variable 
region and at least one immunoglobulin light chain variable region, preferably cross-linked 
by at least one di-sulfide bridge. The combination of the two variable regions will generate 
a binding site capable of binding an antigen using methods for antibody reconstitution that 
are well known in the art. 

[0155] It is, however, contemplated to be within the scope of the present invention 

for immunoglobulin heavy and light chains, or variants or derivatives thereof, to be 
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expressed in separate transgenic avians, and therefore isolated from separate media 
including serum or eggs, each isolate comprising a single species of immunoglobulin 
polypeptide. The method may further comprise the step of combining a plurality of isolated 
heterologous immunoglobulin polypeptides, thereby producing an antibody capable of 
selectively binding to an antigen. In this embodiment, two individual transgenic avians 
may be generated wherein one transgenic produces serum or eggs having an 
immunoglobulin heavy chain variable region, or a polypeptide comprising such, expressed 
therein. A second transgenic animal, having a second transgene, produces serum or eggs 
having an immunoglobulin light chain variable region, or a polypeptide comprising such, 
expressed therein. The polypeptides may be isolated from their respective sera and eggs 
and combined in vitro to generate a binding site capable of binding an antigen. 
[0156] Examples of therapeutic antibodies that can be used in methods of the 

invention include but are not limited to HERCEPTIN® (Trastuzumab) (Genentech, CA) 
which is a humanized anti-HER2 monoclonal antibody for the treatment of patients with 
metastatic breast cancer; REOPRO® (abciximab) (Centocor) which is an anti-glycoprotein 
Ilb/IIIa receptor on the platelets for the prevention of clot formation; ZENAPAX® 
(daclizumab) (Roche Pharmaceuticals, Switzerland) which is an immunosuppressive, 
humanized anti-CD25 monoclonal antibody for the prevention of acute renal allograft 
rejection; PANOREX™ which is a murine anti-17-IA cell surface antigen IgG2a antibody 
(Glaxo Wellcome/Centocor); BEC2 which is a murine anti-idiotype (GD3 epitope) IgG 
antibody (ImClone System); DVIC-C225 which is a chimeric anti-EGFR IgG antibody 
(ImClone System); VITAXIN™ which is a humanized anti-aV/33 integrin antibody 
(Applied Molecular Evolution/Medlmmune); Campath 1H/LDP-03 which is a humanized 
anti CD52 IgGl antibody (Leukosite); Smart M195 which is a humanized anti-CD33 IgG 
antibody (Protein Design Lab/Kanebo); RITUXAN™ which is a chimeric anti-CD20 IgGl 
antibody (IDEC Pharm/Genentech, Roche/Zettyaku); LYMPHOCIDE™ which is a 
humanized anti-CD22 IgG antibody (Immunomedics); ICM3 is a humanized anti-ICAM3 
antibody (ICOS Pharm); IDEC-1 14 is a primatied anti-CD80 antibody (IDEC 
Pharm/Mitsubishi); ZEVALIN™ is a radiolabeled murine anti-CD20 antibody 
(IDEC/Schering AG); IDEC-1 31 is a humanized anti-CD40L antibody (IDEC/Eisai); 
IDEC-151 is a primatized anti-CD4 antibody (IDEC); IDEC-152 is a primatized anti-CD23 
antibody (IDEC/Seikagaku); SMART anti-CD3 is a humanized anti-CD3 IgG (Protein 
Design Lab); 5G1.1 is a humanized anti-complement factor 5 (C5) antibody (Alexion 
Pharm); D2E7 is a humanized anti-TNF-a antibody (CAT/BASF); CDP870 is a humanized 
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anti-TNF-aFab fragment (Celltech); IDEC-151 is a primatized anti-CD4 IgGl antibody 
(IDEC Pharm/SmithKline Beecham); MDX-CD4 is a human anti-CD4 IgG antibody 
(Medarex/Eisai/Genmab); CDP571 is a humanized anti-TNF-a IgG4 antibody (Celltech); 
LDP-02 is a humanized anti-o4|87 antibody (LeukoSite/Genentech); OrthoClone OKT4A is 
a humanized anti-CD4 IgG antibody (Ortho Biotech); ANTOVA™ is a humanized anti- 
CD40L IgG antibody (Biogen); ANTEGREN™ is a humanized anti-VLA-4 IgG antibody 
(Elan); and CAT- 152 is a human anti-TGF-/32 antibody (Cambridge Ab Tech). 

5.4 PHARMACEUTICAL COMPOSITIONS 
[01 57] The present invention further provides pharmaceutical compositions, 

formulations, dosage units and methods of administration comprising the heterologous 
proteins produced by the transgenic avians using methods of the invention. Preferably, 
compositions of the invention comprise a prophylactically or therapeutically effective 
amount of the heterologous protein, and a pharmaceutically acceptable carrier. 
[0158] The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with 

which a compound of the invention is administered. Such pharmaceutical vehicles can be 
liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic 
origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. The 
pharmaceutical vehicles can be saline, gum acacia, gelatin, starch paste, talc, keratin, 
colloidal silica, urea, and the like. In addition, auxiliary, stabilizing, thickening, lubricating 
and coloring agents may be used. When administered to a patient, the compounds of the 
invention and pharmaceutically acceptable vehicles are preferably sterile. Water is a 
preferred vehicle when the compound of the invention is administered intravenously. 
Saline solutions and aqueous dextrose and glycerol solutions can also be employed as liquid 
vehicles, particularly for injectable solutions. Suitable pharmaceutical vehicles also include 
excipients such as starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica 
gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, 
glycerol, propyleneglycol, water, ethanol and the like. The present compositions, if desired, 
can also contain minor amounts of wetting or emulsifying agents, or pH buffering agents. 
[0159] The present compositions can take the form of solutions, suspensions, 

emulsion, tablets, pills, pellets, capsules, capsules containing liquids, powders, sustained- 
release formulations, suppositories, emulsions, aerosols, sprays, suspensions, or any other 
form suitable for use. In one embodiment, the pharmaceutically acceptable vehicle is a 
capsule (see e.g., U.S. Patent No. 5,698,155). Other examples of suitable pharmaceutical 
vehicles are described in "Remington's Pharmaceutical Sciences" by E.W. Martin. 
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[0160] In a preferred embodiment, the heterologous proteins are formulated in 

accordance with routine procedures as a pharmaceutical composition adapted for 
intravenous administration to human beings. Typically, compounds of the invention for 
intravenous administration are solutions in sterile isotonic aqueous buffer. Where 
necessary, the compositions may also include a solubilizing agent. Compositions for 
intravenous administration may optionally include a local anesthetic such as lignocaine to 
ease pain at the site of the injection. Generally, the ingredients are supplied either 
separately or mixed together in unit dosage form, for example, as a dry lyophilized powder 
or water free concentrate in a hermetically sealed container such as an ampoule or sachette 
indicating the quantity of active agent. Where the heterologous protein of the invention is 
to be administered by infusion, it can be dispensed, for example, with an infusion bottle 
containing sterile pharmaceutical grade water or saline. Where the composition of the 
invention is administered by injection, an ampoule of sterile water for injection or saline 
can be provided so that the ingredients may be mixed prior to administration. 
[0161] Compositions for oral delivery may be in the form of tablets, lozenges, 

aqueous or oily suspensions, granules, powders, emulsions, capsules, syrups, or elixirs, for 
example. Orally administered compositions may contain one or more optional agents, for 
example, sweetening agents such as fructose, aspartame or saccharin; flavoring agents such 
as peppermint, oil of wintergreen, or cherry; coloring agents; and preserving agents, to 
provide a pharmaceutical^ palatable preparation. Moreover, where in tablet or pill form, 
the compositions may be coated to delay disintegration and absorption in the 
gastrointestinal tract thereby providing a sustained action over an extended period of time. 
Selectively permeable membranes surrounding an osmotically active driving compound are 
also suitable for orally administered compounds of the invention. In these later platforms, 
fluid from the environment surrounding the capsule is imbibed by the driving compound, 
which swells to displace the agent or agent composition through an aperture. These 
delivery platforms can provide an essentially zero order delivery profile as opposed to the 
spiked profiles of immediate release formulations. A time delay material such as glycerol 
monostearate or glycerol stearate may also be used. Oral compositions can include standard 
vehicles such as mannitol, lactose, starch, magnesium stearate, sodium saccharin, cellulose, 
magnesium carbonate, etc. Such vehicles are preferably of pharmaceutical grade. 
[0162] Further, the effect of the heterologous proteins may be delayed or prolonged 

by proper formulation. For example, a slowly soluble pellet of the compound may be 
prepared and incorporated in a tablet or capsule. The technique may be improved by 
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making pellets of several different dissolution rates and filling capsules with a mixture of 
the pellets. Tablets or capsules may be coated with a film which resists dissolution for a 
predictable period of time. Even the parenteral preparations may be made long-acting, by 
dissolving or suspending the compound in oily or emulsified vehicles which allow it to 
disperse only slowly in the serum. 

5.5 TRANSGENIC AVIANS 
[01 63] Another aspect of the present invention concerns transgenic avians, 

preferably chicken or quail, produced by methods of the invention described in section 5.1 
infra, preferably by microinjecting a nucleic acid comprising a transgene into an avian 
embryo by the cytoplasmic microinjection methods of the present invention. Following 
introduction of the selected nucleic acid into an early stage avian embryo by the methods of 
the present invention, the embryo is transferred into the reproductive tract of a recipient 
hen. The embryo containing the transgene then develops inside the recipient hen and 
travels through the oviduct thereof, where it is encapsulated by natural egg white proteins 
and a natural egg shell. The egg is laid and can be incubated and hatched to produce a 
transgenic chick. The resulting transgenic avian chick {i.e. the GO) will carry one or more 
desired transgene(s) some or all of its cells, preferably in its germ line. These GO transgenic 
avians can be bred using methods well known in the art to generate second generation (i.e., 
Gls) transgenic avians that carry the transgene, i.e., achieve germline transmission of the 
transgene. In preferred embodiments, the methods of the invention result in germline 
transmission, i.e., percentage of GOs that transmit the transgene to progeny (Gls), that is 
greater than 5%, preferably, greater than 10%, 20%, 30%, 40%, and, most preferably, 
greater than 50%, 60%, 70%, 80%, 90% or even 100%. In other embodiments, the 
efficiency of transgenesis (i.e., number of GOs containing the transgene) is greater than 2%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 99%. 

[0164] Following maturation, the transgenic avian and/or transgenic progeny thereof, 

may lay eggs containing one or more desired heterologous protein(s) expressed therein and 
that can be easily harvested therefrom. The Gl chicks, when sexually mature, can then be 
bred to produce progeny that are homozygous or heterozygous for the transgene. 
[0165] A transgenic avian of the invention may contain at least one transgene, at 

least two transgenes, at least 3 transgenes, at least 4 transgenes, at least 5 transgenes, and 
preferably, though optionally, may express the subject nucleic acid encoding a polypeptide 
in one or more cells in the animal, such as the oviduct cells of the chicken. In embodiments 
of the present invention, the expression of the transgene may be restricted to specific 
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subsets of cells, tissues, or developmental stages utilizing, for example, cis-acting 
sequences that control expression in the desired pattern. Toward this end, it is contemplated 
that tissue-specific regulatory sequences, or tissue-specific promoters, and conditional 
regulatory sequences may be used to control expression of the transgene in certain spatial 
patterns. Moreover, temporal patterns of expression can be provided by, for example, 
conditional recombination systems or prokaryotic transcriptional regulatory sequences. The 
inclusion of a 5' MAR region, and optionally the 3' MAR on either end of the sequence, in 
the expression cassettes suitable for use in the methods of the present invention may allow 
the heterologous expression unit to escape the chromosomal positional effect (CPE) and 
therefore be expressed at a more uniform level in transgenic tissues that received the 
transgene by a route other than through germ line cells. 

[01 66] The transgenes may, in certain embodiments, be expressed conditionally, e.g. , 

the heterologous protein coding sequence is under the control of an inducible promoter, 
such as a prokaryotic promoter or operator that requires a prokaryotic inducer protein to be 
activated. Operators present in prokaryotic cells have been extensively characterized in 
vivo and in vitro and can be readily manipulated to place them in any position upstream 
from or within a gene by standard techniques. Such operators comprise promoter regions 
and regions that specifically bind proteins such as activators and repressors. One example 
is the operator region of the lexA gene of E. coli to which the LexA polypeptide binds. 
Other exemplary prokaryotic regulatory sequences and the corresponding trans-activating 
prokaryotic proteins are disclosed by Brent and Ptashne in U.S. Patent No. 4,833,080 (the 
contents of which is herein incorporated by reference in its entirety). Transgenic animals 
can be created which harbor the subject transgene under transcriptional control of a 
prokaryotic sequence or other activator sequence that is not appreciably activated by avian 
proteins. Breeding of this transgenic animal with another animal that is transgenic for the 
corresponding trans-activator can be used to activate of the expression of the transgene. 
Moreover, expression of the conditional transgenes can also be induced by gene therapy- 
like methods wherein a gene encoding the trans-activating protein, e.g., a recombinase or a 
prokaryotic protein, is delivered to the tissue and caused to be expressed, such as in a cell- 
type specific manner. 

[0167] Transactivators in these inducible or repressible transcriptional regulation 

systems are designed to interact specifically with sequences engineered into the transgene. 
Such systems include those regulated by tetracycline ('let systems"), interferon, estrogen, 
ecdysone, Lac operator, progesterone antagonist RU486, and rapamycin (FK506) with tet 
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systems being particularly preferred (see, e.g., Gingrich and Roder, 1998, Annu. Rev. 
Neurosci. 21 : 377-405; incorporated herein by reference in its entirety). These drugs or 
hormones (or their analogs) act on modular transactivators composed of natural or mutant 
ligand-binding domains and intrinsic or extrinsic DNA binding and transcriptional 
activation domains. In certain embodiments, expression of the heterologous peptidecan be 
regulated by varying the concentration of the drug or hormone in medium in vitro or in the 
diet of the transgenic animal in vivo. 

[0168] In a preferred embodiment, the control elements of the tetracycline-resistance 

operon of E. coli is used as an inducible or repressible transactivator or transcriptional 
regulation system ("tet system") for conditional expression of the transgene. A 
tetracycline-controlled transactivator can require either the presence or absence of the 
antibiotic tetracycline, or one of its derivatives, e.g., doxycycline (dox), for binding to the 
tet operator of the tet system, and thus for the activation of the tet system promoter (Ptet). 
[0169] In a specific embodiment, a tetracycline-repressed regulatable system (TrRS) 

is used (Agha-Mohammadi and Lotze, 2000, J. Clin. Invest. 105(9): 1 177-83; Shockett et 
al, 1995, Proc. Natl. Acad. Sci. USA 92: 6522-26 and Gossen and Bujard, 1992, Proc. Natl. 
Acad. Sci. USA 89: 5547-51; incorporated herein by reference in their entireties). 
[01 70] In another embodiment, a reverse tetracycline-controlled transactivator, e.g. , 

rtTA2 S-M2, is used. rtTA2 S-M2 transactivator has reduced basal activity in the absence 
doxycycline, increased stability in eukaryotic cells, and increased doxycycline sensitivity 
(Urlinger et al, 2000, Proc. Natl. Acad. Sci. USA 97(14): 7963-68; incorporated herein by 
reference in its entirety). In another embodiment, the tet-repressible system described by 
Wells et al. (1999, Transgenic Res. 8(5): 371-81; incorporated herein by reference in its 
entirety) is used. In one aspect of the embodiment, a single plasmid Tet-repressible system 
is used. In another embodiment, the GAL4-UAS system (Ornitz et al, 1991, Proc. Natl. 
Acad. Sci. USA 88:698-702; Rowitch et al, 1999, J. Neuroscience 19(20):8954-8965; 
Wang et al, 1999, Proc. Natl. Acad. Sci. USA 96:8483-8488; Lewandoski, 2001, Nature 
Reviews (Genetics) 2:743-755) or a GAL4-VP16 fusion protein system (Wang et al, 1999, 
Proc. Natl. Acad. Sci. USA 96:8483-8488) is used. 

[0171] In other embodiments, conditional expression of a transgene is regulated by 

using a recombinase system that is used to turn on or off the gene's expression by 
recombination in the appropriate region of the genome in which the potential drug target 
gene is inserted. The transgene is flanked by recombinase sites, e.g., FRT sites. Such a 
recombinase system can be used to turn on or off expression a transgene (for review of 
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temporal genetic switches and "tissue scissors" using recombinases, see Hennighausen & 
Furth, 1999, Nature Biotechnol. 17: 1062-63). Exclusive recombination in a selected cell 
type may be mediated by use of a site-specific recombinase such as Cre, FLP-wild type 
(wt), FLP-L or FLPe. Recombination may be effected by any art-known method, 

e.g., the method of Doetschman et al. (1987, Nature 330: 576-78; incorporated herein by 
reference in its entirety); the method of Thomas et al, (1986, Cell 44: 419-28; incorporated 
herein by reference in its entirety); the Cre-loxP recombination system (Sternberg and 
Hamilton, 1981, J. Mol. Biol. 150: 467-86; Lakso et al, 1992, Proc. Natl. Acad. Sci. USA 
89: 6232-36; which are both incorporated herein by reference in their entireties); the FLP 
recombinase system of Saccharomyces cerevisiae (O'Gorman et al, 1991, Science 251: 
1351-55); the Cre-loxP-tetracycline control switch (Gossen and Bujard, 1992, Proc. Natl. 
Acad. Sci. USA 89: 5547-51, incorporated herein by reference in its entirety); and ligand- 
regulated recombinase system (Kellendonk et al, 1999, J. Mol. Biol. 285: 175-82; 
incorporated herein by reference in its entirety). Preferably, the recombinase is highly 
active, e.g., the Cre-loxP or the FLPe system, and has enhanced thermostability (Rodriguez 
et al, 2000, Nature Genetics 25: 139-40; incorporated herein by reference in its entirety). 
[0172] In a specific embodiment, the ligand-regulated recombinase system of 

Kellendonk et al. (1999, J. Mol. Biol. 285: 175-82; incorporated herein by reference in its 
entirety) can be used. In this system, the ligand-binding domain (LBD) of a receptor, e.g., 
the progesterone or estrogen receptor, is fused to the Cre recombinase to increase specificity 
of the recombinase. 

[01 73] In the case of an avian, a heterologous polypeptide or polypeptides encoded 

by the transgenic nucleic acid may be secreted into the oviduct lumen of the mature animal 
and deposited as a constituent component of the egg white into eggs laid by the animal. It 
is also contemplated to be within the scope of the present invention for the heterologous 
polypeptides to be produced in the serum of a transgenic avian. 

[0174] A leaky promoter such as the CMV promoter may be operably linked to a 

transgene, resulting in expression of the transgene in all tissues of the transgenic avian, 
resulting in production of, for example, immunoglobulin polypeptides in the serum. 
Alternatively, the transgene may be operably linked to an avian promoter that may express 
the transgene in a restricted range of tissues such as, for example, oviduct cells and 
macrophages so that the heterologous protein may be identified in the egg white or the 
serum of a transgenic avian. Transgenic avians produced by the cytoplasmic microinjection 
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method of the present invention will have the ability to lay eggs that contain one or more 
desired heterologous protein(s) or variant thereof. 

[0175] One embodiment of the present invention, therefore, is a transgenic avian 

produced by the cytoplasmic microinjection methods of the present invention and having a 
heterologous polynucleotide sequence comprising a nucleic acid insert encoding a 
heterologous polypeptide and operably linked to an avian lysozyme gene expression control 
region, the gene expression control region comprising at least one 5' matrix attachment 
region, an intrinsically curved DNA region, at least one transcription enhancer, a negative 
regulatory element, at least one hormone responsive element, at least one avian CR1 repeat 
element, and a proximal lysozyme promoter and signal peptide-encoding region. 
[0176] Another embodiment of the present invention provides a transgenic avian 

further comprising a transgene with a lysozyme 3' domain. 

[0177] Accordingly, the invention provides transgenic avians produced by methods 

of the invention, preferably by cytoplasmic microinjection as described infra. In preferred 
embodiments, the transgenic avian contains a transgene comprising a heterologous peptide 
coding sequence operably linked to a promoter and, in certain embodiments, other 
regulatory elements. In more preferred embodiments, the transgenic avians of the invention 
produce heterologous proteins, preferably in a tissue specific manner, more preferably such 
that they are deposited in the serum and, most preferably, such that the heterologous protein 
is deposited into the egg, particularly in the egg white. In preferred embodiments, the 
transgenic avians produce eggs containing greater than 5 ng, 10 ng, 50 ng, 100 ng, 250 ng, 
500 ng, 750 ng, 1 fig, 5 fig, 10 fig, 50 fig, 100 fig, 250 fig, 500 fig, or 750 fig, more 
preferably greater than 1 mg, 2 mg, 5 mg, 10 mg, 20 mg, 50 mg, 100 mg, 200 mg, 500 mg, 
700 mg, 1 gram, 2 grams, 3 grains, 4 grams or 5 grams of the heterologous protein. In 
preferred embodiments, the transgenic avians produce an immunoglobulin molecule and 
deposit the immunoglobulin in the egg or serum of the avian, and preferably, the 
immunoglobulin isolated from the egg or serum specifically binds its cognate antigen. The 
antibody so produced may bind the antigen with the same, greater or lesser affinity than the 
antibody produced in a mammalian cell, such as a myeloma or CHO cell. 
[0178] In specific embodiments, the transgenic avians of the invention were not 

produced or are not progeny of a transgenic ancestor produced using a eukaryotic viral 
vector, more particularly, not a retroviral vector (although, in certain embodiments, the 
vector may contain sequences derived from a eukaryotic viral vector, such as promoters, 
origins of replication, etc.). The transgenic avians of the invention include GO avians, 
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founder transgenic avians, Gl transgenic avians, avians containing the transgene in the 
sperm or ova, avians mosaic for the transgene and avians containing copies of the transgene 
in most or all of the cells. Contemplated by the invention are transgenic avians in which the 
transgene is episomal. In more preferred embodiments, the transgenic avians have the 
transgene integrated into one or more chromosomes. Chromosomal integration can be 
detected using a variety of methods well known in the art, such as, but not limited to, 
Southern blotting, PCR, etc. 
6. EXAMPLES 

[0179] The present invention is further illustrated by the following examples. Each 

example is provided by way of explanation of the invention, and is not intended to be a 
limitation of the invention. In fact, it will be apparent to those skilled in the art that various 
modifications, combination, additions, deletions and variations can be made in the present 
invention without departing from the scope or spirit of the invention. For instance, features 
illustrated or described as part of one embodiment can be used in another embodiment to 
yield a still further embodiment. It is intended that the present invention covers such 
modifications, combinations, additions, deletions and variations as come within the scope of 
the appended claims and their equivalents. 

[0180] The contents of all references, published patent applications, and patents cited 

throughout the present application are hereby incorporated by reference in their entirety. 

6.1 Example 1: Cytoplasmic Microinjections 
[0181] (a) Preparation ofDNA for microinjection: The plasmid pAVUCR- 

Al 15.93.1.2 (containing the -12.0 kb lysozyme promoter controlling expression of human 
interferon c£b) was purified with a QIAGEN® Plasmid Maxi Kit (QIAGEN®, Valencia, 
CA), and 100 /ig of the plasmid were restriction digested with Not\ restriction enzyme. The 
digested DNA was phenol/CHCl 3 extracted and ethanol precipitated. Recovered DNA was 
resuspended in ImM Tris-HCl (pH 8.0) and O.lmM EDTA, then placed overnight at 4°C. 
DNA was quantified by spectrophotometry and diluted to the appropriate concentration. 
DNA samples which were bound with the SV40 T antigen nuclear localization signal 
peptide (NLS peptide, amino acid sequence CGGPKKKRKVG (SEQ ID NO: 12)) were 
first resuspended in 0.25 M KC1, and NLS peptide was added to achieve a peptide DNA 
molar ratio of 100:1 (Collas and Alestrom, 1996, Mol. Reprod. Develop. 45: 431-438, the 
contents of which are incorporated by reference in its entirety). The DNA samples were 
bound to the SV40 T antigen NLS peptide by incubation for 15 minutes. 
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[01 82] (b) Cytoplasmic microinjections: The germinal disc of the avian egg was 

positioned in, and illuminated by the incident light beam, then the micropipette was moved 
to a position whereby the tip of the micropipette was over the area of the germinal disc and 
therefore optimally placed for the insertion of the micropipette into the germinal disc. The 
tip of the micropipette was then pressed onto the vitelline membrane of the avian egg, to a 
depth of about 20 microns below the general plane of the membrane. The vitelline 
membrane resisted penetration by the micropipette and therefore the tip indented the 
vitelline membrane without piercing the membrane. The depth of the indentation formed 
by the pressure of the tip of the micropipette on the vitelline membrane can be determined 
by two methods. The micropipette may be pre-marked about 20 microns from the tip. 
When the mark is about level with the general plane of the membrane, the tip will enter the 
germinal disc once the vitelline membrane is penetrated. The distance for the micropipette 
to be depressed may also be controlled by using the micropipette bevel as reference. In this 
method, the injection needle penetrates the vitelline membrane up to a point where only the 
apical end of the opening of the bevel is visible above the vitelline membrane, while the 
remaining of the opening is located inside the germinal disk. The movement of the 
micropipette relative to an avian germinal disc is monitored by the obliquely angled macro 
monitoring unit, comprising a focusable macro lens capable of delivering a focused 
magnified image of the avian germinal disc to an electronic camera for display by a 
monitor. The oblique angle of the macro lens shows the depth of movement of the 
micropipette relative to the vitelline membrane and the degree of indentation thereof, more 
distinctly than if a vertical microscope objective is used to monitor the microinjection. 
Pulses of piezo-electric induced oscillations were applied to the micropipette once it was in 
contact with the indented vitelline membrane. The vibrating tip of the micropipette drills 
through the vitelline membrane. The fluid contents of the micropipette are then injected 
into the germinal disc by positive hydraulic pressure exerted on the lumen and the contents 
therein, by the pressure-regulating system. 

[01 83] Approximately 1 00 nanoliters of DNA were inj ected into a germinal disc of 

stage 1 White Leghorn embryos obtained two hours after oviposition of the previous egg. 
DNA amounts per injection ranged from 1 nanoliter to 100 nanoliters. 
[0184] Injected embryos were surgically transferred to recipient hens via ovum 

transfer according to the method of Christmann et al. (PCT Publication WO 02/20752, the 
contents of which are incorporated by reference in its entirety), and hard shell eggs were 
incubated and hatched (Olsen and Neher, 1948, J. Exp. Zoo. 109: 355-366). 
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6.2 Example 2: PCR Analysis of Chick Blood DNA 
[0185] (a) DNA extraction. Whole blood from one-week old chicks was collected 

with heparinized capillary tubes. Red blood cell (RBC) nuclei were released and washed 
with lysis buffer solution. DNA's from RBC nuclei were extracted by digestion with 
proteinase K (lmg/ml) and precipitated with ethanol. Purified DNA was resuspended in 
ImM Tris-HCl (pH 8.0) and O.lmM EDTA and quantitated. 

[0186] (b) PCR analysis of chick blood DNA. Genomic DNA samples from one- 

week old chicks were analyzed by PCR using primers LYS05 1 for (5 '- 
TGCATCCTTC AGC ACTTGAG-3 ')(SEQ ID NO: 13) and IFN-3 (5'- 
AACTCCTCTTGAGGAAAGCC-3 ')(SEQ ID NO: 14)). This primer set amplifies a 584 
bp region of the transgene carried by the pAVUCR-Al 15.93.1.2 plasmid. Three hundred 
nanograms of genomic DNA were added to a 50ul reaction mixture (1 X Promega PCR 
Buffer with 1.5mM MgCl 2 , 200uM of each dNTP, 5uM primers) and 1.25 units of Taq 
DNA polymerase (Promega). The reaction mixtures were heated for 4 minutes at 94°C, and 
then amplified for 34 cycles at 94°C for 1 min, 60°C for 1 min and 72°C for 1 min. The 
samples were heated in a final cycle for 4 minutes at 72°C. PCR products were detected on 
a 0.8% agarose gel with ethidium bromide staining, as shown in FIG. 7. 

6.3 Example 3: Human Interferon «2b Expression In Chick Serum 
[0187] One week after hatching, blood was collected from chicks using heparinized 
capillary tubes. Blood was then added to an equal volume of phosphate buffered saline, 
centrifuged at 200 x g, and 100 microliters of the supernatant were assayed by human IFN 
ELISA (PBL Biomedical Laboratories, New Brunswick, New Jersey), as shown in FIGS. 8 
and 9. 

6.4 Example 4: Human Interferon o2b Expression In Egg White of 
Transgenic Hens 

[0188] Once hens have reached sexual maturity and began to lay (approximately 22- 

24 weeks of age), eggs were collected and the egg whites were assayed by ELISA using 
human IFN ELISA (PBL Biomedical Laboratories, New Brunswick, New Jersey) according 
to the manufacturer's instructions. The results of PCR and ELISA analysis of blood and 
egg white are given in Table 1 below that summarizes results of PCR and ELISA analysis. 
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Table 1: Analysis of Transgene Presence and Interferon Expression 

Localization Sex PCR ELISA ELISA 

(Blood) (Blood) (egg 

white) 

+ + NA 

+ 
+ 

F + + NA 

M + + 

F - + 

M + - NA 

, „ v __„_ - -it NLS peptide; + NLS: DNA injected with NLS 

peptide; NA: not applicable. 

[0189] As shown in Table 1, one bird (#8305) of 69 produced using microinjection 

of DNA without the NLS peptide was positive for both the presence of the transgene and 
the expression of interferon in the blood. Because this bird is a male, he can be bred to a 
non-transgenic hen to establish germline transmission of the transgene. 
[0190] FIGS. 8 and 9 demonstrate the expression of human interferon in the blood of 

#8305, as compared to standards. FIG. 7 illustrates the PCR results from the serum of for 
several birds, including bird 8305, obtained at different intervals after hatching. As can be 
seen in lanes 4, 5, 1 1, and 12 of FIG. 7, positive signal indicated the presence of the 
transgene at two different collection periods. Other PCR positive bands were seen in birds 
produced by microinjection of DNA covalently linked to the NLS peptide as described 
above. Table 1 shows that 4 birds, AA123, AA61, AA105 and AA1 15, of 43 tested were 
PCR positive, ELISA positive or both. Expression levels of human IFN in bird AA61, as 
compared to standards, are also illustrated in FIGS. 8 and 9. PCR-positive male birds can 
be bred to determine germline transmission, and eggs collected from transgenic females to 
assay for IFN expression, as described above, as chicks reach sexual maturity 

6.5 Example 5: Purification and Identification of Human Interferon-oflb 
from Transgenic Eggs 
[0191] One hundred eggs were cracked and the egg whites separated from the yolks 

by manual manipulation and pooled. The pooled egg white was solubilized by adding 3 
volumes of deionized water per volume of egg white, followed by adjusting the pH to 5.0 
with the drop-wise addition of IN HC1. The solubilized egg white was clarified by 
centrifugation at 3750 g for 20 minutes at 4 °C. 

[0192] The solubilized egg white was fractionated by cation exchange 

chromatography using SP-Sepharose HP. Two chromatographic runs were performed, the 
first in 50 mM sodium acetate at pH 5.0, the second in 50 mM sodium acetate at pH 4.0. A 
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commercially available ELISA kit specific for human interferon-a was used to identify 
interferon-containing fractions. 

[0193] The cation-exchange purified material was further purified by hydrophobic 

interaction chromatography on Phenyl-Sepharose, with the interferon fraction eluting after 
the addition of 1M acetic acid, pH 4.5, containing 0.5% triton X-100. 
[0194] The results of SDS-PAGE and Western Blot analyses of the products at each 

step of the purification procedure are shown in FIGS. 10 and 1 1 respectively. A peak of 
interferon with a molecular weight of approximately 22,000 daltons was seen following the 
hydrophobic interaction chromatography step. The purity of the interferon at this stage was 
estimated to be approximately 50%, based on the intensity of staining. 
[0195] An analysis of the carbohydrate content of the human IFN-o!2b purified from 

the transgenic chicken AVI-029 is shown in FIG. 12. Bands 1, 2 and 3 are the unsialyated, 
mono- and disialylated saccharides. Sialic acid linkage is alpha 2-3 to galactose and alpha 
2-6 to N-acetylgalactosamine. The glycosylation of the human IFN-d2b produced by 
human cells is compared to that produced in chicken cells, as shown in FIG. 13. 

6.6 Example 6: Construction of Lysozyme Promoter Plasmids 
[0196] The chicken lysozyme gene expression control region was isolated by PCR 

amplification. Ligation and reamplification of the fragments thereby obtained yielded a 
contiguous nucleic acid construct comprising the chicken lysozyme gene expression control 
region operably linked to a nucleic acid sequence optimized for codon usage in the chicken 
(SEQ ID NO: 5) and encoding a human interferon o2b polypeptide optimized for 
expression in an avian cell. 

[0197] White Leghorn Chicken (Gallus gallus) genomic DNA was PCR amplified 

using the primers 5pLMAR2 (SEQ ID NO: 1) and LE-6. lkbrevl (SEQ ID NO: 2) in a first 
reaction, and Lys-6.1 (SEQ ID NO: 3) and LysElrev (SEQ ID NO: 4) as primers in a 
second reaction. PCR cycling steps were: denaturation at 94°C for 1 minute; annealing at 
60°C for 1 minute; extension at 72°C for 6 minutes, for 30 cycles using TAQ PLUS 
PRECISION DNA polymerase (STRATAGENE®, LaJolla, CA). The PCR products from 
these two reactions were gel purified, and then united in a third PCR reaction using only 
5pLMAR2 (SEQ ID NO: 1) and LysElrev (SEQ ID NO: 4) as primers and a 10-minute 
extension period. The resulting DNA product was phosphorylated, gel-purified, and cloned 
into the EcoR V restriction site of the vector pBluescript® KS, resulting in the plasmid 
pl2.0-lys. 
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[0198J pl2.0-lys was used as a template in a PCR reaction with primers 5pLMAR2 

(SEQ ID NO: 1) and LYSBSU (5'- 

CCCCCCCCT AAGGC AGCC AGGGGC AGG AAGC AAA-3 ' ) (SEQ ID NO: 5) and a 10 
minute extension time. The resulting DNA was phosphorylated, gel-purified, and cloned 
into the EcoRV restriction site of pBluescript® KS, forming plasmid pl2.01ys-B. 
[0199] P 12.01ys-B was restriction digested with Not I and Bsu36 I, gel-purified, and 

cloned into Not I and Bsu36 I digested pCMV-LysSPIFNMM, resulting in pl2.0-lys- 
LSPIFNMM. pl2.0-lys-LSPIFNMM was digested with Sal I and the SalltoNotI primer (5'- 
TCGAGCGGCCGC-3') (SEQ ID NO: 16) was annealed to the digested plasmid, followed 
by Not I digestion. The resulting 12.5 kb Not I fragment, comprising the lysozyme 
promoter region linked to IFNMAGMAX-encoding region and an SV40 polyadenylation 
signal sequence, was gel-purified and ligated to Not I cleaved and dephosphorylated 
pBluescript® KS, thereby forming the plasmid pAVUCR-Al 15.93.1.2, which was then 
sequenced. 

6.7 Example 7: Construction of Plasmids Which Contain the 3' Lysozyme 
Domain 

[0200] The plasmid pAVUCR-A115.93.1.2 was restriction digested withFsel and 

blunt-ended with T4 DNA polymerase. The linearized, blunt-ended pAVUCR-Al 15.93.1.2 
plasmid was then digested withXhol restriction enzyme, followed by treatment with 
alkaline phosphatase. The resulting 15.4 kb DNA band containing the lysozyme 5' matrix 
attachment region (MAR) and -12.0 kb lysozyme promoter driving expression of a human 
interferon was gel purified by electroelution. 

[0201 ] The plasmid plllilys was restriction digested with Mlul, then blunt-ended 

with the Klenow fragment of DNA polymerase. The linearized, blunt-ended plllilys 
plasmid was digested with Xhol restriction enzyme and the resulting 6 kb band containing 
the 3' lysozyme domain from exon 3 to the 3' end of the 3' MAR was gel purified by 
electroelution. The 15.4 kb band from pAVUCR-A115.93.1.2 and the 6 kb band from 
plllilys were ligated with T4 DNA ligase and transformed into STBL4 cells (Invitrogen 
Life Technologies, Carlsbad, CA) by electroporation. The resulting 21.3 kb plasmids from 
two different bacterial colonies were named pAVIJCR-A2 12. 89.2.1 and pAVUCR- 

A212.89.2.3 respectively. 

6.8 Example 8: Transfection of Chicken HD11 Cells with pAVIJCR- 
A212.89.2.1 and pAVIJCR-A212.89.2.3 
[0202] Chicken cells transfected with plasmids having the 3 ' lysozyme domain 

linked to a nucleic acid expressing human c£b interferon express the heterologous 
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polypeptide. Chicken myelomonocytic HD1 1 cells were transfected with plasmid 
pAVUCR-A212.89.2.1 and pAVUCR-A212.89.2.3 to test the functionality of the plasmids. 
One million HD1 1 cells were plated per each well of a 24-well dish. The next day, HD1 1 
cells were transfected with 1 fig of plasmid DNA per 4 pi of LIPOFECT AMINE 2000 
(Invitrogen Life Technologies). For comparison, independent wells were also transfected 
with the parent vector pAVUCR- A 1 15.93.1.2. After 5 hours of transfection, the cell 
medium was changed with fresh medium. 48 hours later, cell medium was harvested by 
centrifugation at 1 10 x g for 5 min and assayed for human interferon by ELISA (PBL 
Biomedicals, Flanders, NJ). 

[0203] The transfected cells expressed the heterologous human o2b interferon at 

least to the level seen with a plasmid not having the 3' lysozyme domain operably linked to 
the human o2b interferon encoding nucleic acid. 

6.9 Example 9: Cytoplasmic Microelectroporation 
[0204] The application of electrical current has been shown to enhance the uptake of 

exogenous DNA fragments by cultured cells. The DNA fragments will be injected into the 
germinal disk according to the above-described methods. Enhancement of nuclear uptake 
of the heterologous DNA will promote earlier chromosomal integration of the exogenous 
DNA molecules, thus reducing the degree of genetic mosaicism observed in transgenic 
avian founders. 

[0205] A sample of nucleic acid will be microinj ected into the cytoplasm of a 

recipient stage 1 avian cell, and delivered to a recipient cell nucleus by 
microelectroporation. In a system suitable for use in microelectroporating early stage avian 
cells, a cathode will be located within the lumen of the DNA delivery micropipette. 
Another possible location for the electrode is on the exterior surface of the micropipette. 
For either option, the electrode is situated close or adjacent to the exit orifice of the pipette 
so that the electrode and the micropipette may be introduced into the recipient cell together. 
Alternatively, the micropipette will be introduced into the cytoplasm and used to guide a 
cathode to make electrical contact with the cytoplasm of the targeted cell. 
[0206] The placement of the anode is optional. In one arrangement of the electrodes 

of the microelectroporation system, the anode is located on the micropipette and, therefore, 
will enter the cell or cells with the micropipette and the cathode. In another arrangement, 
an anode is in electrical contact with the Ringers solution that will surround the targeted 
recipient early stage avian cell. In yet another version, the anode is individually positioned 
within the cytoplasm, or the nucleus, of the recipient stage 1 cell. The anode and cathode 
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are electrically connected to an electrical impulse generator capable of delivering a timed 
electrical pulse to the electrodes. One suitable apparatus for generating a timed electrical 
pulse according to the present invention is a Ration Scientific Iontaphorsis pump BAB-500. 
[0207] A solution of a selected nucleic acid will be microinjected through the 

inserted micropipette into the recipient cell according to the protocols described in the 
examples above. The recipient cell will be pulsed at least once with about 0.1 to about 20.0 
microamps for about 0.1 to about 60 sees. 

[0208] This novel intracellular DNA microelectroporation method will enhance the 

efficiency of transgenesis, increase the efficiency of chromosomal integration of 
heterologous transgenic DNA, and reduce mosaicism of the transgenic founder animal by 
ensuring that more recipient cells receive and incorporate the nucleic acid at each delivery 
to a cell than is the case with non-electroporated microinjection. 

6.10 Example 10: Construction of an ALV-based Vector Having ^-lactamase 
Encoding Sequences 

[0209] The lacZ gene of pNLB, a replication-deficient avian leukosis virus (ALV)- 

based vector (Cosset et al, 1991, J. Virol. 65: 3388-94), was replaced with an expression 
cassette consisting of a cytomegalovirus (CMV) promoter and the reporter gene B- 
lactamase (B-La or BL). 

[0210] To efficiently replace the lacZ gene of pNLB with a transgene, an 

intermediate adaptor plasmid was first created, pNLB-Adapter. pNLB-Adapter was created 
by inserting the chewed back ApaVApal fragment of pNLB (Cosset et al, 1991, J. Virol. 
65:3388-94) (in pNLB, the 5' Apal sites reside 289 bp upstream of lacZ and the 3' Apal 
sites reside 3 ' of the 3 ' LTR and Gag segments) into the chewed-back KpnVSacl sites of 
PBLUESCRiPixg)KS(-). The filled-in MluVXbal fragment of pCMV-BL (Moore et al, 1997, 
Anal Biochem. 247: 203-9) was inserted into the chewed-back KpnVNdel sites of pNLB- 
Adapter, replacing lacZ with the CMV promoter and the BL gene (in pNLB, Kpnl resides 
67 bp upstream of lacZ and Ndel resides 100 bp upstream of the lacZ stop codon), thereby 
creating pNLB-Adapter-CMV-BL. To create pNLB-CMV-BL, the HindllVBlpI insert of 
pNLB (containing lacZ) was replaced with the HindUVBlpl insert of pNLB-Adapter-CMV- 
BL. This two step cloning was necessary because direct ligation of blunt-ended fragments 
into the HindUVBlpl sites of pNLB yielded mostly rearranged subclones, for unknown 
reasons. 



-81 - 



NY2- 1467792.1 



Express Mail No. EV 335 857 168 US 
Attorney Docket No. 1 1 1 06-033 

6.1 1 Example 1 1 : Production of Transduction Particles Having an ALV- 
based Vector Having /3-lactamase Encoding Sequences 
[0211] Sentas and Isoldes were cultured in F10 (GIBCO®), 5% newborn calf serum 

(GIBCO®), 1% chicken serum (GIBCO®), 50 fig/ml phleomycin (Cayla Laboratories) and 
50 Mg/ml hygromycin (SIGMA®). Transduction particles were produced as described in 
Cosset et al, 1991, herein incorporated by reference, with the following exceptions. Two 
days after transfection of the retroviral vector pNLB-CMV-BL (from Example 10, above) 
into 9 x 10 5 Sentas, virus was harvested in fresh media for 6-16 hours and filtered. All of 
the media was used to transduce 3 x 10 6 Isoldes in three 100 mm plates with polybrene 
added to a final concentration of 4 /xg/ml. The following day the media was replaced with 
media containing 50 fig/ml phleomycin, 50 /ig/ml hygromycin and 200 /ig/ml G418 
(SIGMA®). After 10-12 days, single G418 r colonies were isolated and transferred to 24- 
well plates. After 7-10 days, titers from each colony was determined by transduction of 
Sentas followed by G418 selection. Typically 2 out of 60 colonies gave titers at 1-3 x 10 5 . 
Those colonies were expanded and the virus concentrated to 2-7 x 10 7 as described in 
Allioli et al, 1994, Dev. Biol. 165:30-7, herein incorporated by reference. The integrity of 
the CMV-BL expression cassette was confirmed by assaying for /3-lactamase in the media 
of cells transduced with NLB-CMV-BL transduction particles. 

6.12 Example 12: Production of Chickens Transgenic for /3-lactamase 
[0212] Stage X embryos in freshly laid eggs were transduced with NLB-CMV-BL 

transduction particles (from Example 11, above) as described in Thoraval et al, 1995, 
Transgenic Res. 4:369-377, herein incorporated by reference, except that the eggshell hole 
was covered with 1-2 layers of eggshell membrane and, once dry, DUCO® model cement. 
[02131 Approximately 120 White Leghorns were produced by transduction of the 

stage X embryos with NLB-CMV-BL transduction particles. These birds constitute 
chimeric founders, not fully transgenic birds. Extensive analysis of DNA in the blood and 
sperm from the transduced chickens indicates that 10-20% of the birds had detectable levels 
of the transgene in any given tissue. Of those birds carrying the transgene, approximately 
2-15% of the cells in any given tissue were actually transgenic. 

6.13 Example 13: /3-lactamase Activity Assay in Blood and Egg White 
[0214] When hens produced in Example 1 2, above, began to lay eggs, the egg whites 

of those eggs were assayed for the presence of /3-lactamase. The /3-lactamase assay was 
carried out as described in Moore et al, 1997, Anal Biochem. 247:203-9, herein 
incorporated by reference, with the following modifications. 
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[0215] To assay blood from two to ten day old chicks, the leg vein was pricked with 

a scalpel. 50 pi of blood was collected in a heparinized capillary tube (Fisher), of which 25 
pi was transferred to 100 pi phosphate-buffered saline (PBS) in a 96-well plate. Various 
dilutions of purified /3-lactamase (CALBIOCHEM®) was added to some wells prior to 
addition of blood from control (non-transduced) chicks to establish a /3-lactamase standard 
curve. After one day at 4°C, the plate was centrifuged for 10 minutes at 730 x g. 25 pi of 
the supernatant was added to 75 pi of PBS. 100 pi of 20 pM 7-(thienyl-2-acetamido)-3-[2- 
(4-N,N-dimethylaminophenylazo)pyridinium-methyl]-3-cephem-4-carboxylicacid 
(P ADAC, from CALBIOCHEM®) in PBS was added, and the wells were read immediately 
on a plate reader in a 10 minute kinetic read at 560 nm or left overnight in the dark at room 
temperature. Wells were scored positive if the well had turned from purple to yellow. To 
assay blood from older birds, the same procedure was followed except that 200-300 pi 
blood was drawn from the wing vein using a syringe primed with 50 pi of heparin 
(SIGMA®). 

[0216] Analysis of the NLB-CMV-BL transduced flock revealed nine chickens that 

had significant levels of j8-lactamase in their blood. Three of these chickens were males and 
these were the only three males that had significant levels of the NLB-CMV-BL transgene 
in their sperm as determined by PCR analysis. Thus, these are the males to be outbred to 
obtain fully transgenic G, offspring. The other six chickens were the hens that expressed /3- 
lactamase in their magnum tissue (see below). Other birds had low levels of /3-lactamase 
(just above the level of detection) in their blood but did not have transgenic sperm or eggs 
containing /3-lactamase. Thus /3-lactamase expression in blood is a strong indicator of 
whether a chicken was successfully transduced. 

[0217] To assay p-iactamase in egg white, freshly laid eggs were transferred that day 

to a 4°C cooler, at which point the /3-lactamase is stable for at least one month. 
(Bacterially-expressed, purified /3-lactamase added to egg white was determined to lose 
minimal activity over several weeks at 4°C, confirming the stability of /3-lactamase in egg 
white.) To collect egg white samples, eggs were cracked onto plastic wrap. The egg white 
was pipetted up and down several times to mix the thick and thin egg whites. A sample of 
the egg white was transferred to a 96-well plate. 1 0 pi of the egg white sample was 
transferred to a 96-well plate containing 100 pi of PBS supplemented with 1.5 pi of 1 M 
NaH 2 P0 4 , pH 5.5 per well. After addition of 100 pi of 20 pM PADAC, the wells were read 
immediately on a plate reader in a 10 minute or 12 hour kinetic read at 560 nm. Various 
dilutions of purified /3-lactamase was added to some wells along with 10 pi of egg white 
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from control (non-transduced) hens to establish a /3-lactamase standard curve. Egg white 
from both untreated and NLB-CMV-BL transduced hens were assayed for the presence of 
/3-lactamase. 

[0218] Significant levels of /3-lactamase were detected in the egg white of six hens, 

as shown in Table 2, below. Eggs laid by Hen 1522, the first hen to demonstrate expression 
in eggs, have 0.3 mg or higher of active /3-lactamase per egg. Also shown is /3-lactamase 
production from three other NLB-CMV-BL transduced hens (Hen 1549, Hen 1790 and Hen 
1593). Every hen that laid eggs containing /3-lactamase also had significant levels of /3- 
lactamase in its blood. 

Table 2: Expression of /3-lactamase in eggs of NLB-CMV-BL treated hens. 
Hen # Average mg of /3-lactamase per egg # of eggs assayed 

Control 0.1 ±0.07 29 

1522 0.31 ±0.07 20 

1549 0.96 ±0.15 22 

1581 1.26 ±0.19 12 

1587 1.13 ±0.13 15 

1790 0.68 ±0.15 13 

1793 1.26 ±0.18 12 

[0219] Controls were eggs from untreated hens. The low level of BL in these eggs 

was due to spontaneous breakdown of PADAC during the course of the kinetic assay. The 
other hens were transduced with NLB-CMV-BL as described in Example 12. Egg white 
from each egg was assayed in triplicate. 

[0220] Based on the /3-lactamase activity assay, the expression levels of /3-lactamase 

appeared to range from 0.1 to 1.3 mg per egg (assuming 40 milliliters of egg white per egg). 
However, these assay quantities were significantly less than the quantities obtained by 
western blot assay and were determined to be deceptively lower than the true values. The 
difference in results between the enzymatic activity assay and a western blot analysis was 
due to a /3-lactamase inhibitor in egg white. The activity of purified /3-lactamase was 
inhibited by egg white such that 50 /d of egg white in a 200 jd reaction resulted in nearly 
100% inhibition, whereas 10 /xl of egg white in a 200 /il reaction resulted in only moderate 
inhibition. Furthermore, spontaneous breakdown of the enzymatic substrate, PADAC, 
during the course of the assay also contributed to the erroneously low calculation of /3- 
lactamase concentration. 
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6.14 Example 14: Isolation and Ex Vivo Transfection of Blastodermal Cells 
[0221] Donor blastodermal cells are isolated from fertilized eggs of Barred Plymouth 

Rock hens using a sterile annular ring of Whatman filter paper which is placed over a 
blastoderm and lifted after cutting through the yolk membrane of the ring. The ring bearing 
the attached blastoderm is transferred to phosphate-buffered saline (PBS) in a petri dish 
ventral side up, and adhering yolk is removed by gentle pipetting. The area opaca is 
dissected away with a hair loop and the translucent stage X blastoderm is transferred via a 
large-bore pipette tip to a microfuge tube. About 30,000-40,000 cells are isolated per 
blastoderm and for a typical experiment 10 blastoderms are collected. 
[0222] Cells are dispersed by brief trypsin (0.2%) digestion, washed once by low 

speed centrimgation in Dulbecco's modified Eagle's medium (DMEM) and then transfected 
with linearized plasmids via lipofectin (16 mg/200 ml, BRL) for 3 hours at room 
temperature. Cells are washed free of lipofectin with medium and then 400-600 cells are 
injected into y-irradiated (650 rads) recipient stage X embryos from the Athens-Canadian 
randombred line (AC line). Injection is through a small window (-0.5 cm) into the 
subgerminal cavity beneath the recipient blastoderms. Windows are sealed with fresh egg 
shell membrane and DUCO® plastic cement. Eggs are then incubated at 39.1°C in a 
humidified incubator with 90° rotation every 2 hr. 

6.15 Example 15: Identification of Transgenic Mosaics by PCR Assay 
[0223] Among the chicks which hatch from embryos containing transfected or 

transduced blastodermal cells, only those exhibiting Barred Plymouth Rock feather 
mosaicism are retained. Even if no reporter gene is present in the transgene, transgenic 
mosaics can be identified by PCR assay. 

[0224] To identify transgenic mosaics, DNA blood and black feather pulp of 

individual chicks are assayed by PCR for the presence of the transgene using a primer pair 
specific to the transgene as described by Love et al, 1994, Bio/Technology 12:60-63. 
Transgene chimeras are induced, withdrawn and re-induced with diethylstilbestrol (DES) 
pellets and excised magnums analyzed for expression of reporter activity. Blood and liver 
are assayed to monitor tissue specificity. 

[0225] Male and female blood DNA was collected at 1 0 to 20 days post-hatch. 

Blood is drawn from a wing vein into a heparinized syringe and one drop is immediately 
dispensed into one well of a flat-bottom 96-well dish containing a buffer which lyses 
cytoplasmic membranes exclusively. The plate is then briefly centrifuged, which pellets the 
nuclei. The supernatant is removed and a second lysis buffer is added which releases 
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genomic DNA from nuclei and degrades nucleases. The DNA is ethanol precipitated in the 
plate, washed with 70% ethanol, dried and resuspended in 100 ul of water per well. As 
much as 80 ug of DNA suitable for PCR and TAQMAN™ (Perkin Elmer/Applied 
Biosystems) analysis can be obtained from one drop (8 ul) of chick blood. 
[0226] The isolated DNA is tested for the presence of the transgenes using the 

TAQMAN® sequence detection assay to evaluate the efficiency of the embryo transduction 
process. The TAQMAN® sequence detection system allows the direct detection of a 
specific sequence. A fluorescently-labeled oligonucleotide probe complementary to an 
internal region of a desired PCR product only fluoresces when annealed to the desired PCR 
product, which in this case is complementary to the transgene. Because all of the detection 
occurs in the PCR tube during the cycling process, the TAQMAN® system allows high- 
throughput PCR (no gel electrophoresis is need) as well as sequence detection analogous to 
and as sensitive as Southern analysis. 1 ul of the isolated DNA, which contains 600-800 ng 
of DNA, is used for the TAQMAN® reaction. Each reaction contains two sets of primer 
pairs and TAQMAN® probes. The first set detects the chicken glyceraldehyde 3-phosphate 
dehydrogenase gene (GAPDH) and is used as an internal control for the quality of the 
genomic DNA and also serves as a standard for quantitation of the transgene dosage. The 
second set is specific for the desired transgene. Fluorescence is detected in a dissecting 
stereomicroscope equipped with epifluorescence detection. The two TAQMAN® probes 
are attached to different dyes that fluoresce at unique wavelengths: thus both PCR products 
are detected simultaneously in an ABI/PE 7700 Sequence Detector. It is estimated that up to 
180 birds will hatch, and 20% (36 birds) will contain the transgene in their blood. 

6.16 Example 16: Production of Fully Transgenic d Chickens Expressing 0- 
Lactamase 

[0227] Males are selected for breeding as a single male can give rise to 20 to 30 Gi 

offspring per week as opposed to 6 G, offspring per female per week, thereby speeding the 
expansion of Gi transgenics. The feed of G 0 males is supplemented with sulfamethazine, 
which accelerates the sexual maturation of males such that they can start producing sperm 
at 10-12 weeks of age instead of 20-22 weeks without influencing their health or fertility. 
[0228] Sperm DNA of all males are screened for the presence of the transgene. 

Sperm are collected and the DNA extracted using Chelex-100. Briefly, 3 ul of sperm and 
200 ul of 5% Chelex-100 are mixed, followed by addition of 2 pi of 10 mg/ml proteinase K 
and 7 pi of 2 M DTT. Samples are incubated at 56°C for 30-60 minutes. Samples are 
boiled for 8 minutes and vortexed vigorously for 10 seconds. After centrifugation at 10 to 
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15 kG for 2-3 minutes, the supernatant is ready for PCR or TAQMAN® analysis. The 
DNAs are analyzed by the TAQMAN® assay using a TAQMAN® probe and primers 
complementary to the transgene. Of the 90 G 0 males, it is estimated that 5%, or 4 to 5, will 
have the transgene in their sperm DNA. 

[0229] As noted above in Example 13, the NLB-CMV-BL transduced flock included 

three males that had significant levels of the NLB-CMV-BL transgene in their sperm as 
determined by PCR analysis. Thus, these males are chosen for further breeding to obtain 
fully transgenic Gi offspring. 

[0230] By breeding germline transgenic males to 90 non-transgenic White Leghorn 

females per week, about 16 G, offspring per week will be obtained. Hatched chicks are 
vent-sexed and screened for the presence of the transgene in their blood DNA by the 
TAQMAN® assay. Twenty male and female G, transgenics will be obtained or 40 total, 
which will take up to 3 weeks. 

[0231] Males will be kept for further breeding and females tested for expression of 

transgenes in the egg. 

6.17 Example 17: pNLB-CMV-IFN Vector Having an IFN Encoding 
Sequence 

[0232] The DNA sequence for human interferon o2b based on hen oviduct optimized 

codon usage was created using the BACKTRANSLATE program of the Wisconsin 
Package, version 9.1 (Genetics Computer Group. Inc., Madison, WI) with a codon usage 
table compiled from the chicken (Gallus gallus) ovalbumin, lysozyme, ovomucoid, and 
ovotransferrin proteins. The template and primer oligonucleotides (SEQ ID NOS: 17-34) 
shown in Fig. 15A-B were amplified by PCR with Pfu polymerase (STRATAGENE®, La 
Jolla, CA) using 20 cycles of 94°C for 1 min., 50°C for 30 sec, and 72°C for 1 min. and 10 
sec. 

[0233] PCR products were purified from a 12% polyacrylamide-TBE gel by the 

"crush and soak" method (Maniatis et al. 1982), then combined as templates in an 
amplification reaction using only IFN-1 (SEQ ID NO: 24) and IFN-8 (SEQ ID NO: 34) as 
primers. The resulting PCR product was digested with Hind HI and Xba I and gel purified 
from a 2% agarose-TAE gel, then ligated into Hind III and Xba I digested, alkaline 
phosphatase-treated, pBluescript®> KS (STRATAGENE®), resulting in the plasmid 
pBluKSP-IFNMagMax. Both strands were sequenced by cycle sequencing on an ABI 
PRISM 377 DNA Sequencer (Perkin-Elmer, Foster City, CA) using universal T7 or T3 
primers. Mutations in pBluKSP-IFN derived from the original oligonucleotide templates 
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were corrected by site-directed mutagenesis with the Transformer Site-Directed 
Mutagenesis Kit (Clontech, Palo Alto, CA). The interferon coding sequence was then 
removed from the corrected pBluKSP-IFN with Hind ffl and Xba 1 , purified from a 0.8% 
agarose-TAE Gel, and ligated to Hind III and Xba I digested, alkaline phosphatase-treated 
P CMV-BetaLa-3B-dH. The resulting plasmid was pCMV-IFN which contained IFN 
coding sequence controlled by the cytomegalovirus immediate early promoter/enhancer and 
SV40 polyA site. 

[0234] To clone the IFN coding sequence controlled by the CMV promoter/enhancer 

into the NLB retroviral plasmid, pCMV-IFN was first digested with Clal and Xbal, then 
both ends were filled in with Klenow fragment of DNA polymerase (New England 
BioLabs, Beverly, MA). pNLB-adapter was digested with Nde I and Kpn I, and both ends 
were made blunt by T4 DNA polymerase (New England BioLabs). Appropriate DNA 
fragments were purified on a 0.8% agarose-TAE gel, then ligated and transformed into 
DH5a cells. The resulting plasmid was pNLB-adapter-CMV-IFN. 
[0235] This plasmid was then digested with Mlu I and partially digested with Blp I 

and the appropriate fragment was gel purified. pNLB-CMV-EGFP was digested with Mlu I 
and Blp I, then alkaline-phosphatase treated and gel purified. The Mlu VBlp I partial 
fragment of pNLB-adapter-CMV-IFN was ligated to the large fragment derived from the 
Mlu VBlp I digest of pNLB-CMV-EGFP, creating pNLB-CMV-IFN. 

6.18 Example 18: Production of pNLB-CMV-IFN Transduction Particles 
[0236] Senta packaging cells (Cosset et al, 1991) were plated at a density of 3 x 10 5 

cells/35 mm tissue culture dish in F-10 medium (Life Technologies) supplemented with 
50% calf serum (Atlanta Biologicals), 1% chicken serum (Life Technologies), 50 ng/ml 

A Toulouse. FranceV These 
hygromycin (oivjrivL/^^), onu p^im pniwwuxj^^i v ~ > — 

cells were transfected 24h after plating with 2 M g of CsCl-purified pNLB-CMV-IFN DNA 

and 6 /xl of Lipofectin liposomes (Life Technologies) in a final volume of 500 fil Optimem 

(Life Technologies). The plates were gently rocked for four hours at 37° C in a 5% C0 2 

incubator. For each well, the media was removed, washed once with 1 ml of Optimem and 

re-fed with 2 mis of F-10 medium supplemented with 50% calf serum, 1% chicken serum, 

50 ug/ml hygromycin, and 50 ug/ml phleomycin. The next day, medium from transfected 

Sentas was recovered and filtered through a 0.45 micron filter. 

[0237] This medium was then used to transduce Isolde cells. 0.3 ml of the filtered 

medium recovered from Senta cells was added to 9.6 ml of F-10 (Life Technologies) 
supplemented as described above, in addition to polybrene (SIGMA®) at a final 
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concentration of 4 fig/ml. This mixture was added to 10 6 Isolde packaging cells (Cosset et 
al, 1991) plated on a 100mm dish the previous day, then replaced with fresh F-10 medium 
(as described for Senta growth) 4 hours later. 

[0238] The next day, the medium was replaced with fresh medium which also 

contained 200 pgftnl neomycin (G418, SIGMA®). Every other day, the medium was 
replaced with fresh F-10 medium supplemented with 50% calf serum, 1% chicken serum, 
50 ug/ml hygromycin, 50 ug/ml phleomycin, and 200 ug/ml neomycin. Eleven to twelve 
days later, single colonies were visible by eye, and these were picked and placed into 24 
well dishes. When some of the 24 well dishes became confluent, medium was harvested 
and titered to determine the cell lines with the highest production of retrovirus. 
[0239] Titering was performed by plating 7.5 x 10 4 Senta cells per well in 24 well 

plates on the day prior to viral harvest and transduction. The next day 1 ml of fresh F-10 
medium supplemented with 50% calf serum, 1% chicken serum, 50 ug/ml hygromycin, and 
50 jig/ml phleomycin was added to each well of the isolated Isolde colonies. Virus was 
harvested for 8-10 hours. The relative density of each well of Isoldes was noted. After 8- 
10 hours, 2 and 20ul of media from each well of Isoldes was added directly to the media of 
duplicate wills of the Sentas. Harvested medium was also tested for the presence of 
interferon by IFN ELISA and for interferon bioreactivity. The next day the media was 
replaced with F-10 medium supplemented with 50% calf serum, 1% chicken serum, 50 
ug/ml hygromycin, 50 ug/ml phleomycin, and 200 ug/ml neomycin. When obvious 
neomycin-resistant colonies were evident in the wells of transduced Sentas, the number of 
colonies was counted for each well. 

[0240] The Isolde colony producing the highest titer was determined by taking into 

• ,j r *Uo Aonciur nf the Isolde cells when the 

account the number oi colonies anu iauTcCiIus u»e awn&uj ^ c 

viral particles were harvested (i.e., if two Isolde colonies gave rise to media with the same 
titer, but one was at a 5% density and the other was at a 50% density at the time of viral 
harvest, the one at the 5% density was chosen for further work, as was the case in the 
present example). 

[0241] The Isolde cell line producing the highest titer of IFN-encoding transducing 

particles was scaled up to six T-75 tissue culture flasks. When flasks were confluent, cells 
were washed with F-10 medium (unsupplemented) and transducing particles were then 
harvested for 16 hours in 14 ml/flask of F-10 containing 1% calf serum (Atlanta Biologicals) 
and 0.2% chicken serum (Life Technologies). Medium was harvested, filtered through a 
0.45 micron syringe filter, then centrifuged at 195,000xg in a Beckman 60Ti rotor for 35 
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min. Liquid was removed except for 1 ml, and this was incubated with the pellet at 37°C 
with gentle shaking for one hour. Aliquots were frozen at -70°C. Transducing particles 
were then titered on Senta cells to determine concentrations used to inject embryos. 

6.19 Example 19: Production of Chimeric Transgenic Chickens 
[0242] Approximately 300 White Leghorn (strain Line 0) eggs were windowed 
according to the Speksnijder procedure described in U.S. Patent No. 5,897,998, 
incorporated herein by reference in its entirety, then injected with about 7 x 10 4 transducing 
particles per egg. Eggs hatched 21 days after injection and human interferon levels were 
measured by IFN ELISA from serum samples collected from chicks one week after hatch. 

6.20 Example 20: Production of Fully Transgenic G, Chickens for Selective 
Breeding From Males Expressing Human Interferon 

[0243] To screen for G 0 roosters which contained the interferon transgene in their 

sperm, DNA was extracted from rooster sperm samples by Chelex-100 extraction (Walsh et 

al, 1991). DNA samples were then subjected to TAQMAN® analysis on a 7700 Sequence 

Detector (Perkin Elmer) using the "neo for-1" (5 ' -TGGATTGC ACGC AGGTTCT-3 ') (SEQ 

ID NO: 35) and "neo rev-1" (5 '-GTGCCCAGTC ATAGCCGAAT-3 ') (SEQ ID NO: 36) 

primers and FAM labeled NEO-PROBE1 ( 5'-CCTCTCCACCCAAGCGGCCG-3') (SEQ 

ID NO: 37) to detect the transgene. Three G 0 roosters with the highest levels of the 

transgene in their sperm samples were bred to nontransgenic SPAFAS (White Leghorn) 

hens by artificial insemination. 

[0244] Blood DNA samples were screened for the presence of the transgene by 

TAQMAN® analysis as described in Example 15, above. Out of 1,597 offspring, one 
rooster was found to be transgenic (a.k.a. "Alphie"). Alphie's serum was tested for the 
presence of human interferon by hlFN ELISA. hlFN was present at 200 nanograms/ml. 
[0245] Alphie' s sperm was used for artificial insemination of nontransgenic 

SPAFAS (White Leghorn) hens. To date, 106 out of 202 (about 52%) offspring contain the 
transgene as detected by TAQMAN® analysis. These breeding results follow a Mendelian 
inheritance pattern and indicate that Alphie is transgenic. 

6.21 Example 21 : Production of Human Interferon tt2b in the Egg White of 
G 2 Transgenic Hens 

[0246] Human lung carcinoma cells were incubated with diluted egg white samples, 

then washed and challenged with mengovirus. After incubation, cells were stained with 
crystal violet to assess viral interference. 

[0247] Expression levels of human IFN o2b in egg white produced by G 2 hens as 

determined by ELISA are shown in Fig. 16. The bioactivity versus the mass of human IFN 
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cab produced in G 2 hen egg white is shown in Fig. 17. Bioactivity was determined by a 
viral inhibition assay, and mass was determined by IFN ELISA. Bird number 53 was a 
control bird and represented egg white from a non-transgenic hen. 

6.22 Example 22: Transfection of Cultured Quail Oviduct Cells 
[02481 The oviduct was removed from a Japanese quail (Coturnix coturnix japonica) 

and the magnum portion was minced and enzymatically dissociated with 0.8 mg/ml 
collagenase (SIGMA® Chemical Co., St. Louis, MO) and 1.0 mg/ml dispase (ROCHE® 
Molecular Biochemicals, Indianapolis, IN) by shaking and titurating for 30 min at 37°C. 
The cell suspension was then filtered through sterile surgical gauze, washed three times 
with F-12 medium (Life Technologies, Grand Island, NY) by centrifugation at 200 x g, and 
resuspended in OPTIMEM™ (Life Technologies) such that the OD 60 o was approximately 2. 
300 ix\ of cell suspension was plated per well of a 24-well dish. For each transfection, 2.5 
H\ of DMRJE-C liposomes (Life Technologies) and 1 ng of DNA were preincubated 15 
minutes at room temperature in 100 /U of OPTIMEM™, then added to the oviduct cells. 
Cells with DNA/liposomes were incubated for 5 hours at 37°C in 5% C0 2 . Next, 0.75 ml 
of DMEM (Life Technologies) supplemented with 15% fetal bovine serum (FBS) (Atlanta 
Biologicals, Atlanta, GA), 2X penicillin/streptomycin (Life Technologies), 10" 6 M insulin 
(SIGMA®), 10" 8 M j8-estradiol (SIGMA®), and 10" 7 M corticosterone (SIGMA®) was 
added to each well, and incubation continued for 72 hours. Medium was then harvested and 
centrifuged at 1 10 x g for 5 minutes. 

6.23 Example 23: Transfection of Cultured Chicken Whole Embryo 
Fibroblasts 

[0249] To obtain whole embryo fibroblasts (WEFs), fertile chicken eggs were 

incubated for approximately 65 hours. Embryos were collected using filter paper rings, 
then washed three times in phosphate buffered saline with glucose (PBS-G) followed by a 
wash in calcium- and magnesium-free EDTA (CMF-EDTA). Embryos were then incubated 
in fresh CMF-EDTA at 4°C with gentle shaking for 30 minutes. CMF-EDTA was removed, 
and replaced with 0.5% trypsin solution (no EDTA) at 37°C for 3 minutes. Cells were 
titurated 10 times, then 5% chicken serum was added to inhibit the trypsin reaction. The 
cell suspension was then added to a-MEM (Life Technologies) supplemented with 2.2 g/1 
NaHC0 3 , 2.52 g/L EPPS, 0.18 g/1 D-glucose, 5% FBS, 5% chick serum (heat inactivated at 
55°C for 1 hour), 5xlO" 5 M j8-mercaptoethanol, 0.2 mM L-glutamine, 2X 
penicillin/streptomycin and centrifuged. Cells were resuspended in a-MEM supplemented 
as described above, and plated on 6-well dishes at a density of 2 x 10 5 cells per well. 
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[02501 For each transfection, 6 fil of FuGene 6 liposomes (ROCHE® Molecular 

Biochemicals) and 2 fig of DNA were preincubated 15 min at room temperature in 100 pi 
of OPTIMEM™, then added to the WEFs. WEFs with DNA/liposomes were incubated 5 
hours at 37°C in 5% C0 2 . The transfection medium was then removed and replaced with 2 
ml of oMEM supplemented as described above. Medium was removed 72 hours after 
transfection and centrifuged at 1 10 x g for 5 minutes. 

[0251] WEFs were transfected either with the heavy and light immunoglobulin 

polypeptides encoded by separate plasmids (pl083 and pl086 respectively) each under the 
control of the CMV promoter or encoded on the same reactor under the transcriptional 
control of a CMV promoter and including an IRES translational element as described in 
U.S. Patent Application No. 09/977,374, filed 08 June 2001 and incorporated herein by 
reference in its entirety. The supernatants were analyzed for antibody content by ELISA 
and FACs. 

6.24 Example 24: Generation of Transgenic Chickens Expressing Antibodies 
[0252] A retroviral vector, based on either avian leukosis virus (ALV) or Moloney 

murine leukemia virus (MoMLV), will be constructed such that the light (L) and heavy (H) 
chains of a monoclonal antibody (MAb) will be linked by an internal ribosome entry site 
(IRES) element. Both genes will then be transcriptionally regulated by a promoter such as 
the cytomegalovirus (CMV) immediate early promoter/enhancer or a promoter that 
demonstrates tissue specificity for the hen oviduct (for example, the lysozyme promoter, 
ovalbumin promoter, an artificial promoter construct such as MDOT, and the like). The 
promoter-L chain-IRES-H chain DNA expression cassette will be flanked by the long 
terminal repeats (LTRs) of the retrovirus. Stage X chicken embryos will be injected with 

,-i . . . *i n u»„<> ^^ctnirt to oppp.rate transgenic chickens. 

transducing particies couunumg uie ouo.v * J o- 11 - 1 - & 

[0253] Alternatively, the heavy and light chains will be included in separate 

retroviral vectors and separate lines of transgenic chickens will be generated. Each line will 

either express the heavy or light chain of the MAb. Once germline transmission of the 

transgene is established in the two lines, they will be bred to each other to express heavy 

and light chains together to make functional MAbs in the offspring. 

[0254] The above DNA constructs can also be integrated into a chicken genome by 

sperm-mediated transgenesis (SMT). SMT may involve transfection, electroporation, or 

incubation of sperm with the desired DNA construct (for example, the lysozyme promoter 

controlling expression of heavy and light chains of the MAb) and fertilization of ovum with 
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the treated sperm by artificial insemination or by chicken intracytoplasmic sperm injection 
(ChlCSFM). 

6.25 Example 25: Preparation of Recipient Avian Cytoplasts by TPLSM 
[0255] Incubation 

[0256] Ova were isolated from euthanized hens between 2-4 hours after oviposition 

of the previous egg. Alternatively, eggs were isolated from hens whose oviducts have been 
fistulated (Gilbert & Woodgush, 1963, J. Reprod. & Fertility 5: 451-453) and (Pander et 
al., 1989, Br. Poult. Sci. 30: 953-7). Before generating images of the avian early embryo, 
DNA was incubated with a specific dye according to the following protocol. 
[0257] The albumen capsule was removed and the ovum placed in a dish with the 

germinal disk facing the top. Remnants of the albumen capsule were removed from the top 
of the germinal disk. Phosphate buffered saline was added to the dish to prevent drying of 
the ovum. A cloning cylinder was placed around the germinal disk and l.Oug/ml of DAPI 
in PBS was added to the cylinder. Visualization was performed after approximately 15 
minutes of incubation. 
[0258] Injection 

[0259] Preparation of the egg was done as described for incubation. Following 

removal of the capsule, 10-50 nanoliters of a 0.1 ug/ml solution of DAPI in PBS was 
injected into the germinal disk using a glass pipette. Visualization was performed 
approximately 15 minutes after injection. 
[0260] Visualization 

[0261] Following incubation, images of the inside of the avian early embryo were 

generated through the use of TPLSM. The germinal disk was placed under the microscope 
objective, and the pronuclear structures were searched within the central area of the disk, to 
a depth of 60um using low laser power of 3-6 milliwatts at a wavelength of 750 nm. Once 
the structures were found they were subsequently ablated. 
[0262] Nuclear Ablation and Enucleation 

[0263] Pronuclear structures were subjected to laser-mediated ablation. In these 

experiments, an Olympus 20x/0.5NA (Numerical Aperture) water immersion lens was used. 
The x and y planes to be ablated were defined with the two photon software, while the z 
plane (depth) was just under 10/im for this type of objective. Since the pronuclear structure 
was about 20 fim in diameter, the ablation comprised two steps (2 times 10/im). The focal 
point was lowered to visualize the remaining of the pronucleus, which was subsequently 
ablated. The laser power used to ablate the pronuclei was between 30 to 70 milliwatts at a 
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wavelength of 750 nm. For the ablation experiments, the image was zoomed by a factor of 
4 to 5, giving an area compression of 16-25 fold. Then the power was increased 10-12 fold 
for a total intensity increase of 160-300 fold compared to the visualization intensity of 3-6 
milliwatts. The ablation intensity (power density) is the functional parameter, i.e. the power 
increase of 10-12 fold results in ablation power of 30-70 milliwatts, but the zoom factor 
compressed this power into an area 16-25x smaller giving a power density increase of 160- 
300 fold. 

6.26 Example 26: Preparation of the Nuclear Donor Cell and Isolation of the 
Donor Nucleus 

[0264] Avian fibroblast cells in culture were trypsinized (0.25% Trypsin and 1 wM 

EDTA), centrifiiged twice in PBS containing 5% of fetal calf serum (FCS) and placed in a 
60 mm plastic dish in PBS containing 5% of FCS. Using the 

microscope/micromanipulation unit described in Example 27 below, under transmission 
light, the nuclear donors were then isolated by repeated pipetting of the cells, which 
disrupted the cytoplasmic membrane and released the nucleus from inside the cell. 

6.27 Example 27: Preparation of the Reconstructed Zygote 

[0265] A micromanipulation unit, comprising an IM-1 6 microinjector and a MM- 

188NE micromanipulator, both from NIKON®/MARISHIGE, were adapted to an upright 
NIKON® Eclipse E800. This microscope was adapted to operate under both transmission 
and reflective light conditions. This unique configuration has allowed us to 
morphologically examine and prepare (isolate the nuclei, as described above) somatic cells 
in suspension and to load the injection pipette using dry or water immersion lenses under 
diascopic illumination or transmitted light. This was followed by prompt localization and 
positioning of the germinal disk under the microscope and subsequent guided injection of 
the somatic cells, using dry and long distance lenses under fiber optic as well as episcopic 
illumination (light coming from the side and through the objectives onto the sample 
respectively). 

6.28 Example 28: Production of Transgenic Chickens by Direct Pronuclear 
DNA Injection 

[0266] Production of transgenic chickens by direct DNA injection can be by two 

methods: (a) injection of a DNA directly into the germinal disk, commonly described as 
cytoplasmic injection, as described for avian species by Sang & Perry, 1989, Mol. Reprod. 
Dev. 1: 98-106, and Love et al, 1994, Biotechnology (NY.) 12: 60-3, incorporated herein 
by reference in their entireties. Sang & Perry described only episomal replication of the 
injected cloned DNA. Love et al. suggested that the injected DNA becomes integrated into 
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the cell's genome. In both cases, injection was into pronuclear stage eggs. This procedure, 
therefore, is cytoplasmic injection of pronuclear stage eggs, not pronuclear injection; and 
(b) imaging of the egg using multiphoton microscopy to allow localization of the pronuclear 
structures. The DNA solution is then injected directly into the pronucleus. 
[0267] DNA preparation 

[0268] The plasmid p AVUCR- Al 1 5 .93 . 1 .2 containing the chicken lysozyme 

promoter region, and controlling expression of human interferon <*2b, was purified with a 
QIAGEN® Plasmid Maxi Kit (QIAGEN®, Valencia, CA), and 5 fig of the plasmid DNA 
were restriction digested with the restriction enzyme Not I. A 12.7 kb fragment was 
purified by gel electrophoresis and electroelution, phenol/chloroform extraction, and 
ethanol precipitation. The DNA was resuspended in ImM Tris-HCl, pH8.0 and O.lmM 
EDTA (0.1X TE) to a final concentration of 5pg/nl and then used for microinjections. 
[0269] Pronuclear injection 

[0270] (i) Preparation of ova. Ova were isolated from euthanized hens between two 

and four hours after opposition of the previous egg. Alternatively, eggs were isolated from 
hens whose oviducts have been fistulated as described by Gilbert & Woodgush, 1963, J. of 
Reprod. and Fertility 5: 451-453 and Pander et al, 1989, Br. Poult. Sci. 30: 953-7 and 
incorporated herein in their entireties. 

[0271] The albumen capsule was removed and the ovum placed in a dish with the 

germinal disk facing upwards. Remnants of the albumen capsule were removed from over 
the germinal disk. Phosphate buffered saline (PBS) was added to the dish to prevent drying 
of the ovum. A cloning cylinder could be placed around the germinal disk to reduce the 
depression of the ooplasmic membrane formed during subsequent pipette penetration, 
thereby facilitating the injection. 

[0272] (ii) Injection. Between about 1-100 nanoliters of DNA solution was injected 

into a germinal disk using a glass pipette after removal of the capsule. The microinjection 
assembly and methods for microinjecting and reimplanting avian eggs are fully described in 
U.S. Patent Application No. 09/919,143, filed 31 July 2001. 

[0273] Briefly, the microscope/micromanipulation unit is an JM- 1 6 microinj ector 

and a MM-188NE micromanipulator, both from NDCON®/MARISHIGE, adapted to an 
upright NIKON® Eclipse E800 microscope adapted to operate under both transmitted and 
reflected light conditions. This unique configuration allows the loading of a DNA solution 
into a micropipette while observed with a pipette dry or water immersion lenses under 
diascopic illumination or transmitted light. Pipette loading is followed by the prompt 
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localization and positioning of the germinal disk under the microscope and subsequent 
guided injection of DNA solution into the germinal disk using dry and long working 
distance lenses under fiber optic as well as episcopic illumination (side illumination and 
directly through the objectives and onto the sample, respectively). 

[0274] (Hi) Localization of the Avian Embryo. A cloning cylinder is placed around 

the germinal disk and MitoTracker® (300 nM) in PBS was added to the cylinder. 
Visualization is performed after approximately 20 minutes of incubation. Imaging using 
this dye shows intense labeling of the region around the nucleus while the nucleus itself 
does not take up the dye. This will allow localization of the pronucleus for injection while 
not causing excessive damage to its structure, since the content of the pronuclei are not 
labeled and therefore are bleached during imaging. Once the pronucleus is localized, the 
DNA solution can be delivered into it using a microinjector. Cytoplasmic or pronuclear 
injected eggs can then be surgically transferred to a recipient hen. 

[0275] (iv) Ovum transfer. At the time of laying, recipient hens are gas anesthetized 

using Isofluorine. At this time, the infundibulum is receptive to receiving a donor ovum but 
has not yet ovulated. Feathers are removed from the abdominal area, and the area is 
scrubbed with betadine, and rinsed with 70% ethanol. The bird is placed in a supine 
position and a surgical drape is placed over the bird with the surgical area exposed. An 
incision approximately 2 inches long is made beginning at the junction of the sternal rib to 
the breastbone and running parallel to the breastbone and through the smooth muscle layers 
and the peritoneum, to locate the infundibulum. The infundibulum is externalized and 
opened using gloved hands and the donor ovum is gently applied to the open infundibulum. 
The ovum is allowed to move into the infundibulum and into the anterior magnum by 

gravity teed. The lniuncnouium is rcimncu i<j ms> uw) J — 1 ° 

interlocking stitches both for the smooth muscle layer and the skin. The recipient hen is 
returned to her cage and allowed to recover with free access to both feed and water. 
Recovery time for the bird to be up, moving and feeding is usually within 45 minutes. Eggs 
laid by the recipient hens are collected the next day, set, and incubated. They will hatch 21 
days later. 

[0276] The procedure described by Love et al, 1 994, in Biotechnology (N . Y.) 12: 

60-63, resulted in 5.5% survival to sexual maturity using the Perry ex ovo procedure. 
Following injection and surgical transfer by the methods described herein, however, a 
survival rate between about 50% and about 70% is expected, i.e., hatching, and most of the 
hatched birds should reach maturity. 
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6.29 Example 29:MuLV and VSV Viral Transfection of Avian Eggs 
[0277] Preparation of MuLV/VSVg viral stocks. GP-293 cells at 70-80% confluence 

were transfected with 10 fig of the plasmid pVSVg or pLNHX-CMVE-MDOT-IFN. Sixty 
hours after transfection, the supernatant was collected and centrifuged at 1000 rpm for 5 
minutes to remove cells. The supernatant was filtered through a 0.45 micron filter and the 
filtrate was centrifuged at 20,000 rpm to pellet the virus. The viral pellet was resuspended 
in 400 ml of STE buffer. To determine the viral titer, a 100-fold dilution of the viral stock 
was made and 5 jd of the serially diluted stock was used to infect Sentas cells. Forty-eight 
hours after infection, the cells were grown in medium containing 100 /ig/ml G418. 
Colonies that were formed after two weeks in the selection medium were counted to 
determine the viral titer. 

[0278] Isolation ofblastodermal cells from stage X Barred Plymouth Rock (BPR) 

embryos. Freshly laid eggs were collected. The embryo at this stage consists of about 
50,000-60,000 cells in a small circular area called the blastodermal disc. The discs from 
about 30 embryos were dissected from the eggs and the cells dissociated using 1XPBS 
(phosphate buffer saline) containing 0.05% trypsin. The cells were centrifuged at 500 rpm 
for 5 minutes. The pellet was gently washed with 1 x PBS and pelleted again and counted 
using a hemocytometer. 

[0279] Interferon (IFN) assay. Blood samples were collected from 6 wk old chicks 

and the interferon levels in the serum were measured using the hu-IFN-a ELISA Kit (PBL 
Biomedical Lab., New Brunswick, NJ). 

[0280] 1 19 WL stage X eggs were injected with 5 /d of pLNHX-MDOT-IFN/VS Vg 

virus with a titer 6 x 10 4 /ml). 53 injected eggs survived, of which 20 hatched. Sperm 
samples were tested from the males at sexual maturity. Two males, # A 24 and A 34, 
showed the presence of the transgene and therefore were used for further breeding for 
testing the germ-line transmission. 

[0281] Freshly isolated 2 x 1 0 5 BRD cells from stage X embryos were infected with 

1.5 X 10 4 pLNHX-MDOT-IFN/VSVg virus at 37° C for 1 hour. The cells were gently 
stirred every 10-15 minutes. While the blastodermal cells were being thus processed, 150 
freshly laid WL (stage X) eggs were irradiated at 600 rads and set aside for the injections. 
A 5 Ml cell suspension containing about 4000-5000 blastodermal cells were injected into 
each of 85 irradiated stage X WL eggs through a hole drilled in the shell. The eggs were 
sealed and incubated to hatch. Out of 85 stage X WL eggs that were injected with the BRD 
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cells infected with pLNHX-MDOT-IFN/VSVg virus, 47 survived and 15 of these hatched. 
The feather chimerism in these birds was between 5-85%. 

[0282] In an alternative experiment, freshly isolated 6 x 10 s BRD cells from stage X 

embryos were mixed with 4 x 10 5 pLNHX-CMVE-MDOT-IFN viral particle and incubated 
at 37° C for 1 hour. The cells were gently stirred every 10-15 minutes. While the 
blastodermal cells were being processed, 150 freshly laid WL (stage X) eggs were collected 
and irradiated at 600 rads and set aside for the injections. A 5 fil cell suspension containing 
about 4000-5000 cells was injected into each of 107 irradiated stage X WL eggs through a 
small hole drilled in the shell. The eggs were sealed and incubated to hatch. 
[0283] Out of 1 07 stage X WL eggs injected with the BPR cells infected with the 

pLNHX-CMVE-MDOT-IFN virus, 53 of these survived, of which 17 hatched. These birds 
showed varying degree of feather chimerism that ranged from 2-85%, as shown in Table 3 
below. 

Table 3: Chimera distribution of chicks transgenic for pLNHX-CMVE-MDOT-IFN virus 



Bird# Chimerism % Black Status Sex 

457 75% 

458 15% DEAD 



459 
460 

461 85% DEAD 

462 

463 45% 

464 20% 

465 30% DEAD 
466 

467 
468 

469 30% DEAD 

470 2% DEAD 

471 DEAD 

472 DEAD 

473 DEAD 



Male 
Female 



Female 
Male 
Male 

Male 
Female 



[0284] Blood samples were collected from these chicks when they were 6wk old. 

Interferon levels in 100/nl serum sample was analyzed using the h-IFN-ELISA Kit. Results 
of the assay are shown in FIG. 18. The successful detection of the transgene-encoded 
product (i.e. interferon) indicates that the BPR-injected cells were stably integrated into 
different tissues and thereby demonstrating that Moloney leukemia viruses pseudotyped 
with VSVg can be used for generating transgenic birds. 
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[0285] In a parallel experiment with a different MuLV/VSVg pseudotyped virus 

(pLNHX-MDOT-IFN), feather chimeric chicks that did not hatch (i.e. died during the 
incubation period) were collected. Three tissues, skin heart and lung, from these birds were 
analyzed for the presence of the transgene by TAQMAN® analysis. In three chicks, all 
three tissues showed the presence of the transgene. In the fourth chick, as shown in Figs. 19 
and 20, the transgene was detected in two of the tissues. These results show that the 
injected BPR cells infected with Moloney viruses pseudotyped with VSVg are stably 
integrated into different tissues of the chick. 

6.30 Example 30: Construction of Lysozyme Promoter Plasmids 
[0286] The chicken lysozyme gene expression control region isolated by PCR 

amplification is fully disclosed in U.S. Patent Application No. 09/922,549, filed 03 August 
2001 and incorporated herein by reference in its entirety. Ligation and reamplification of 
the fragments thereby obtained yielded a functionally contiguous nucleic acid construct 
comprising the chicken lysozyme gene expression control region operably linked to a 
nucleic acid sequence encoding a human interferon o2b polypeptide and optimized for 
codon usage in the chicken. Briefly, chicken (Gallus gallus (White Leghorn)) genomic 
DNA was PCR amplified using the primers 5pLMAR2 and LE-6.1kbrevl in a first reaction, 
and Lys-6.1 and LysElrev as primers in a second reaction. PCR cycling steps were: 
denaturation at 94°C for 1 minute; annealing at 60°C for 1 minute; extension at 72°C for 6 
minutes, for 30 cycles using TAQ PLUS PRECISION™ DNA polymerase 
(STRATAGENE®, LaJolla, CA). The PCR products from these two reactions were gel 
purified, and then united in a third PCR reaction using only 5pLMAR2 and LysElrev as 
primers and a 10 minute extension period. The resulting DNA product was phosphorylated, 
gel-purified, and cloned into the EcoR V restriction site of the vector pBluescript® KS, 
resulting in the plasmid pl2.0-lys. 

[0287] pl2.0-lys was used as a template in a PCR reaction with primers 5pLMAR2 

and LYSBSU and a 10 minute extension time. The resulting DNA was phosphorylated, 
gel-purified, and cloned into the EcoR V restriction site of pBluescript® KS, forming 
plasmid pl2.01ys-B. 

[0288] pl2.01ys-B was restriction digested with Not I and Bsu36 I, gel-purified, and 

cloned into Not I and Bsu36 I digested pCMV-LysSPIFNMM, resulting in pl2.0-lys- 
LSPIFNMM. pl2.0-lys-LSPIFNMM was digested with Sal I and the SalltoNotI primer was 
annealed to the digested plasmid, followed by Not I digestion. The resulting 12.5 kb Not I 
fragment, comprising the lysozyme promoter region linked to rFNMAGMAX-encoding 
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region and an SV40 polyadenylation signal sequence, was gel-purified and ligated to Not I 
cleaved and dephosphorylated pBluescript® KS, thereby forming the plasmid pAVUCR- 
Al 15.93.1.2. 

6.31 Example 31 : Complete Lysozyme Promoter and I FN MAG MAX 
Sequences 

[0289] The complete sequences of the lysozyme gene promoter and the codon- 

optimized human interferon odh nucleic acid are fully disclosed in U.S. Patent Application 
No. 09/922,549, filed 03 August 2001 and incorporated herein by reference in its entirety. 
The complete nucleotide sequence of the approximately 12.5 kb chicken lysozyme 
promoter region/IFNMAGMAX construct spans the 5 ' matrix attachment region (5 ' MAR), 
through the lysozyme signal peptide, to the sequence encoding the gene IFNMAGMAX and 
the subsequent polyadenylation signal sequence. The IFNMAGMAX nucleic acid 
sequence had been synthesized as described in Example 17 above. The expressed IFN o2b 
sequence within plasmid pAVUCR-Al 15.93.1.2 functioned as a reporter gene for lysozyme 
promoter activity. This plasmid construct may also be used for production of interferon o£b 
in the egg white of transgenic chickens. 

6 32 Example 32: Expression in Transfected Cultured Avian Oviduct Cells 
of Human Interferon «2b Regulated by the 12kb Lysozyme Promoter 
[0290] The oviduct was removed from a Japanese quail {Coturnix coturnix japonica) 

and the oviduct cells transfected with the lysozyme promoter- IFNMAGMAX as described 
in Example 22, above. The supernatant was analyzed by ELISA for human interferon o2b 
content. 

[0291] The human interferon o2b contents of medium derived from cultured oviduct 

cells transfected with either pAVUCR-Al 15.93.1.2 or the negative control plasmid pCMV- 
EGFP, as shown in Fig. 16. Bars to the right of the figure represent the standards for the 
IFN ELISA. 

6.33 Example 33 : Production of Heterologous GM-CSF in Serum of 
Transgenic Chickens 
[0292] Seventy-three birds were injected with CMV-GMCSF (ALV) wherein a 

nucleic acid encoding GM-CSF was functionally linked to the cytomegalovirus promoter. 
All were subsequently tested. Three control birds that had nothing injected were also 
included. For each bird tested, approximately 100/il of blood was collected with 
heparinized tubes then diluted into 100/d of PBS solution and spun to remove red blood 
cells. 1 00/il of the plasma was then assayed. 
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[0293] As shown in Table 4 (below), three of the experimental birds had GM-CSF 

plasma levels that were higher than the highest available standard of 500 pg/ml used in the 



ELISAs. 



Table 4: production of heterologous GM-CSF by heterologous chickens 
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[0294] When the dilution is factored in, three birds had greater than approximately 1 

ng/ml. Eleven additional birds had GM-CSF levels within the range detectable by ELISA, 
from 26 pg/ml to 182 pg/ml (with the dilution factored in). Control birds S8484, S8507 and 



S8508 were negative. 
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6.34 Example 34: Synthesis of the MDOT promoter construct 
[02951 Amplification of the ovomucoid and ovotransferrin promoter sequences 

[0296] Oligonucleotide primers 1 (SEQ ID NO: 38) and 2 (SEQ ID NO: 39), as 

shown in Fig. 22 were used to amplify the ovomucoid sequences. Oligonucleotide primers 
3 (SEQ ID NO: 40) and 4 (SEQ ID NO: 41) were used to amplify the ovotransferrin 
sequence by PCR. The primers were designed such that the PCR-amplified ovomucoid 
sequences contained an Xho I restriction cleavage site at the 5' end and a Cla I site at the 3 ' 
end. Similarly, the PCR-amplified ovotransferrin product had a Cla I restriction site at the 
5 ' end and a Hind III site at the 3 ' end. The overlapping Cla I site was used to splice the 
two-PCR products to create the MDOT promoter construct. The nucleic acid sequence 
SEQ ID NO: 1 1 of the MDOT promoter construct is shown in Fig. 14. The final product 
was cloned in a bluescript vector between the Xho I and Hind III sites. From the bluescript 
vector the promoter region was released by Kpn VHind HI restriction digestion and cloned 
into the prc-CMV-IFN vector to replace the CMV promoter to create MDOT-IFN (clone 
#10). This plasmid was tested in vitro. 

[0297] Interferon synthesis directed by the MDOT promoter in transfected oviduct 

cells. 

[0298] The promoter activity was tested in vitro by transfecting the plasmid 

construct into tubular gland cells isolated from the quail oviduct. The transfected cells were 
treated with hormones (progesterone, estrogen and insulin). At 72 hrs after transfection, the 
supernatant media of the transfected cells were collected and the interferon levels analyzed 
using an ELISA assay. The results, as shown in Fig. 23 show a significant induction of 
interferon o2b expression in hormonally treated cells. 

6.35 Example 35: Production of Erythropoietin in the Serum of Transgenic 
Chickens 

[0299] Sixty birds were injected with a nucleic acid construct comprising a nucleic 

acid region encoding erythropoietin (EPO) 3' of, and operably linked to, the MDOT 
artificial promoter in the ALV vector (MDOT-EPO (ALV)) described in Example 34, 
above. All birds were subsequently tested. Two control birds that had nothing injected 
were also tested. Approximately lOOjd of blood from each bird was diluted into lOOfil of 
PBS/EDTA solution and spun to remove red blood cells. 100/d of the plasma was then 
assayed. 

[0300] As shown in Table 5 below, twenty-three of the experimental birds had EPO 

levels in their plasma higher than the highest available ELISA standard of 1540 pg/ml. 
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Table 5: Production of erythropietin under the control of promoter MDOT 
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[0301] When the dilution is factored in, 23 birds have greater than approximately 

3080 pg/ml. An additional 27 birds had EPO levels within the range detectable by ELISA, 
from 58 pg/ml to 2450 pg/ml (with the dilution factored in). Control birds were negative. 

6.36 Example 36: Isolation of Ovomucoid BAC Clone 
[0302] Two sets of PCR primers were used to screen a chicken BAC library 

constructed by Martien Groenen and Richard Crooijmans using two-dimensional screening 
(Crooijmans et al., 2000, Mamm Genome 1 1 .360-363) for a clone containing the entire 
ovoinhibitor and ovomucoid gene. The first set of PCR primers, OM5 (5'- 
CGGGC AGTACCTC ACC ATGGAC ATGT-3 ' ; SEQ ID NO: 43) and OM6 (5'- 
ATTCGCTT AACTGTG ACT AGG-3 ' ; SEQ ID NO:44) overlaps the 5' untranslated region 
on the ovomucoid gene. The second set, Ovoinhibitor 1 (5'- 
CGAGGAACTTGAAGCCTGTC-3 ' ; SEQ ID NO:45) and Ovoinhibitor 2 (5'- 
GGCCTGC ACTCTCC ATC AT A-3 ' ; SEQ ID NO:46), overlap exon 3 and exon 4 of the 
ovoinhibitor gene. One clone, designated OMC24 (SEQ ID NO:42), was sequenced using 
standard shotgun-sequencing strategy (Green, 2001, Nat Rev Genet 2:573-583), and found 
to contain a 68,295 basepair (bp) insert and encompasses the entire ovoinhibitor and 

ovomucoid genes (Fig. 24A-V). 

6.37 Example 37: Construction Of Ovomucoid BAC Expression Vectors 
Encoding a Monoclonal Antibody 
[0303] OMC24 was used to construct two expression vectors, one carrying the light 

(kappa) chain cDNA of a human IgGl kappa monoclonal antibody (hMab) and the other 
carrying the corresponding heavy chain cDNA of the monoclonal antibody. DNA 
fragments composed of an internal ribosome entry site (IRES) sequence followed by a 
cDNA encoding the heavy or light chain of the monoclonal antibody were constructed 
(SEQ ID NOs 47 and 48, respectively, and depicted in Fig. 25). The IRES used was an 
encephalomyocarditis virus (EMCV) IRES (Mountford et al., 1994, Proc Natl Acad Sci 
USA 91:4303-4307). Each expression vector was generated by RARE digestion of OMC24 
at an EcoRI site at position 49,146, in the 3' UTR of the ovomucoid transcript, followed by 
ligation of the appropriate IRES-cDNA cassette. RARE cleavage utilizes RecA protein 
combined with sequence- specific oligonucleotides to block DNA from the action of DNA 
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modifying enzymes, including restriction endonucleases (Ferrin, 2001, Flexible Genetic 
Engineering Using RecA Protein, Molecular Biotechnology, 18: 233-241). 

6.38 Example 38: Production Of Chickens Transgenic with Monoclonal 
Antibody Sequences 
[03041 Transgenic hens were generated using cytoplasmic microinjection as 

described in Example 1 except as provided below. Single avian embryos were injected with 
Notl linearized forms of the two OMC24-derived expression vectors carrying the light and 
heavy chain cDNAs of the IgGl kappa monoclonal antibody suspended in BAC buffer (10 
mM tris, pH 7.5, 0.1 mM EDTA, 30 uM spermine, 70 uM spermidine, 100 mM NaCl) 
(Schedl et al., 1993, Nucleic Acids Res 21:4783-4787 and Montoliu et al., 1995, J Mol Biol 
246:486-492). Transgenic hens obtained were subsequently grown to sexual maturity. 
Eggs were collected from transgenic hens and egg white material was assayed for the 
expressed hMab using sandwich ELISA as described by Harlow et al., Antibodies: a 
laboratory manual. 1988, Cold Spring Harbor, NY: Cold Spring Harbor Laboratory, xiii 
(FIG. 26). The hMab molecule was captured by a kappa light chain specific monoclonal 
antibody in the assay and quantitated with an alkaline phosphatase-linked detection 
antibody specific for the Fc portion of the captured hMab. Hens # 4992 and #1251 express 
an average of 150ng and 19ng of hMab per milliliter of egg white, respectively (FIG. 27). 
Eggs from transgenic hens #4992 and #1251 were collected over several weeks. These 
levels of hMab protein are significantly higher than the levels of hMab detected in serum 
from the transgenic hens. The preferential expression of the hMab into the egg white of 
transgenic hens is likely due to tissue specificity imparted by regulatory elements of the 
ovomucoid locus. 

[0305] Eggs of hen #4992 were collected and hMab was partially purified by passage 

over a protein A column and subsequent elution with the appropriate buffer. The partially 
purified antibody was run on denaturing SDS-PAGE gel under reducing conditions and 
compared with the same hMab produced by recombinant expression in cultured mammalian 
cells (See Harlow et al., Antibodies: a laboratory manual. 1988, Cold Spring Harbor, NY: 
Cold Spring Harbor Laboratory, xiii.). Both the heavy and light chain of the hMab obtained 
from the transgenic avian migrated with the respective chains of the hMab obtained from 
mammalian cell culture (FIG. 28). 

[0306] The hMab purified from egg white of hen #4992 was assayed for target 

antigen binding by ELISA (FIG. 29). The hMab was captured in microplate wells coated 
with the monoclonal antibody's target antigen. Antibody-antigen complexes were 
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quantitated using isotype-specific secondary antibody conjugated with alkaline 
phosphatase. The ability of hMab obtained from the transgenic avian to bind the target 
antigen was compared with that of the same hMab produced by mammalian cells. Plots of 
the two preparations of hMab suggest that equal amounts of avian and mammalian derived 
hMab had similar antigen binding abilities (FIG. 29). Human serum IgGl kappa (Sigma- 
Aldrich I 5154), as a negative control, did not bind to antigen in this assay. 
[0307] The target antigen of the hMab is typically expressed on the surface of 

various cells. The ability of the avian derived hMab to bind its target antigen expressed on 
a cell surface is demonstrated in FIG. 30. A mammalian cell line was transfected with an 
expression vector encoding the target antigen or a plasmid carrying a luciferase expression 
cassette. Transfected cells were collected and used for FACS analysis (FIG. 30, all panels). 
FACS was performed on a FACSAria Cell Sorter according to the manufacturer's 
instructions (Becton, Dickinson and Company, Franklin Lakes, NJ). Cells were incubated 
with one of three primary antibodies: (1) the antigen-specific hMab produced by 
mammalian cells, (2) the antigen-specific hMab produced by the transgenic hen (hen 
#4992), or (3) human serum IgGl kappa (Sigma-Aldrich I 5154). An anti-IgGl kappa 
antibody conjugated with allophycocyanin (APC) was used to detect primary antibodies 
bound to the cells. Cells were sorted, counted and signal generated by the APC of the 
secondary antibody was quantitated. Both the mammalian and avian derived antigen- 
specific hMabs bound to cells transfected with the target antigen expression vector (FIGS 
30b and 30d, respectively). Neither mammalian nor avian derived hMab bound to cells 
transfected with the luciferase expression vector (FIGS 30a and 30c, respectively). The 
negative control human antibody did not bind to cells transfected with either expression 
vector (FIGS 30e and 30f, respectively). 

[0308] Although preferred embodiments of the invention have been described using 

specific terms, devices, and methods, such description is for illustrative purposes only. The 
words used are words of description rather than of limitation. It is to be understood that 
changes and variations may be made by those of ordinary skill in the art without departing 
from the spirit or the scope of the present invention, which is set forth in the following 
claims. In addition, it should be understood that aspects of the various embodiments may 
be interchanged both in whole or in part. 

[0309] All references cited herein are incorporated herein by reference in their 

entirety and for all purposes to the same extent as if each individual publication, patent or 
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patent application was specifically and individually indicated to be incorporated by 
reference in its entirety for all purposes. 

[0310] The citation of any publication is for its disclosure prior to the filing date and 

should not be construed as an admission that the present invention is not entitled to antedate 
such publication by virtue of prior invention. 

[0311] Many modifications and variations of this invention can be made without 

departing from its spirit and scope, as will be apparent to those skilled in the art. The 
specific embodiments described herein are offered by way of example only, and the 
invention is to be limited only by the terms of the appended claims along with the full scope 
of equivalents to which such claims are entitled. 
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